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Sir: 



This is an appeal from the decision of the Primary Examiner 
dated November 30, 2000, as supplemented by an Advisory Action 
dated February 9, 2001. A Notice of Appeal accompanied by the 
required fee was timely filed on February 22, 2001. The 
statutory filing fee of $155.00 is submitted herewith. 



I, REAL PARTY IN INTEREST 

OncQuest, Inc., an Illinois corporation having a principal 
place of business at 2201 West Campbell Park Drive, Chicago, 
Illinois 60612, and the assignee of the entire interest in the 
worldwide rights to the invention that is the subject of the 
present application, is the Appellant and real party in interest. 
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III. STATUS OF CLAIMS 

Claims 1-19 are pending in the case. Claims 7-9 have been 
withdrawn from consideration as directed to a separate invention. 
Claims 1-6 and 10-19 stand rejected under 35 U.S.C. § 103. 
Appellants appeal the rejection of Claim 1 only. A copy of claim 
1 is attached hereto as APPENDIX I. 

IV. STATUS OF AMENDMENTS 

This application, U.S. Serial No. 09/008,957, was filed Jan. 
20, 1998, claiming a priority date of Feb. 25, 1997, the filing 
date of Provisional Application Serial No. 60/039,106. A 
Continued Prosecution Application was filed Feb. 10, 2000. 

Applicants have amended various claims in their responses of 
July 8, 1999 and September 7, 2000. Claim 1 as listed in 
APPENDIX I is in the state prior to the final rejection as 
defined by Appellants' amendment of September 10, 2000. 

V. SUMMARY OF THE INVENTION 

Appellants' invention is the novel compound la- 
hydroxyvitamin D 5 and analogues thereof, although the only claim 
at issue on appeal is directed to la-hydroxyvitamin D 5 . la- 
hydroxyvitamin D 5 has shown great promise as a chemopreventive 
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agent, and has significantly less calcemic activity than la- 
hydroxyvitamin D 3 or la-hydroxyvitamin D 4 - 

VI, ISSUE PRESENTED FOR REVIEW 

The issue to be decided is: 

A. Whether the Examiner erred in finding Claim 1 obvious 
under 35 U.S.C. § 103 over Holick et al . 4,728,643, Holick et al . 
5,254,538, Bishop et al . 5,763,429, or Gulbrandsen et al . 
5, 700, 790? 

Copies of the cited references are found in APPENDIX II. 

VII, GROUPING OF THE CLAIMS 

Group A: Claim 1 only, based upon Examiner's assertion that 
it is unpatentable over Holick et al . x 643, Holick et al . '538, 
Bishop et al . '429 or Gulbrandsen et al . '790. 

VIII, ARGUMENT 

The following is a very brief summary of the prosecution 
history to date: Claim 1 is directed to la(0H)D 5 . The examiner 
rejected claim 1 as being obvious because each of the four cited 
references (Holick et al . x 538, Holick et al . '643, Bishop et al . 
x 429 and Gulbrandsen et al . '790) teaches a generic group of 
vitamin D compounds of which la(OH)D 5 is a member. According to 
the examiner, "an ordinary artisan would have the reasonable 
expectation that any of the species of the genus would have 
similar properties and, thus, the same use as the genus as a 
whole." (Feb. 8, 1999 Office Action) Appellants responded that 




la(OH)D 5 has an unexpected combination of properties 
(antiproliferative activity coupled with lower calcemic activity) 
not possessed by all generic vitamin D derivatives and, 
therefore, claim 1 is not obvious. (July 8, 1999 Amendment) 
Appellants subsequently submitted a "side-by-side" comparison of 
the calcemic activity for la(OH)D 5 and its closest analogues, 
la (OH) D 4 and la(OH)D 3 . (Declaration of Dr. Robert Moriarty) The 
examiner maintained her obviousness rejections because, she 
stated, "the prior art indicated that the [claimed] compounds 
have a lower tendency or inability to cause hypercalcemia and/or 
hypercalcuria" . (Sept. 10, 1999 Final Office Action). The only 
prior art relied upon by the examiner to support this argument is 
Bishop et al. U.S. Patent No. 5,763,429. As will now be 
discussed, appellants argue that claim 1 is not obvious because 
(1) the Bishop statement relied upon by the examiner is factually 
unsupportable and would not have been believed by one skilled in 
the art, and (2) the prior art fails to disclose or render 
obvious any method for synthesizing la(OH)D 5 . 
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A. THE EXAMINER ERRED IN RELYING ON A SINGLE, SWEEPING, 
UNSUPPORTED STATEMENT IN ONE REFERENCE AS EVIDENCE THAT THE 
FAVORABLE PROPERTIES OF APPELLANTS ' CLAIMED COMPOUND WOULD 
HAVE BEEN EXPECTED BY A PERSON OF ORDINARY SKILL IN THE ART 
AT THE TIME OF THE INVENTION 

To establish a prima facie case of obviousness in a genus - 
species chemical composition situation, the examiner must find 
some motivation or suggestion to make the claimed compound in 
light of the prior art. In order to find such motivation or 
suggestion there must be a reasonable likelihood that the claimed 
compound will have the properties disclosed by the prior art 
teachings . ( Guidelines for the Evaluation of Claims Directed to 
Species of Chemical Compositions Based Upon a Single Prior Art 
Reference ) 

It is not contested that the cited references teach a 
generic group of vitamin D derivatives that includes appellants' 
claimed la(OH)D 5 compound. However, appellants have rebutted the 
examiner's prima facie case by submitting evidence that shows 
that la(OH)D 5 possesses key properties (antiproliferative 
activity and significantly lower calcemic activity compared to 
the closest prior art compounds) that would have been unexpected 
to a person of ordinary skill in the art at the time of the 
invention in view of the prior art. 

The examiner's position is that this lower calcemic activity 
is not unexpected in view of the teaching found in Bishop U.S. 
Patent 5,763,429 (APPENDIX II). Applicants have provided 
evidence that this teaching is not only incorrect, but contrary 
to data known at the time of the invention. Thus, the examiner 
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erred by interpreting a sweeping and scientifically unfounded 
statement in one reference (Bishop) and using it to render 
obvious appellants' claim 1, despite appellants' rebuttal 
evidence indicating the Bishop statement was wrong and would not 
have created a reasonable expectation in one skilled in the art 
that la(OH)D 5 had the favorable properties it has. 

The Examiner's position can perhaps best be summarized by 
quoting from the Final Office Action: 

"The cited prior art [Bishop] teach that the compounds, 
including the claimed compounds, act as antiproliferative 
agents and cell differentiation agents without significantly 
altering calcium metabolism . Therefore, the ordinary 
artisan would expect the prior art compounds not to 
significantly alter calcium metabolism. The ordinary 
artisan would also expect there to be differences in degree 
to which each compound encompassed by the prior art genus 
alters calcium metabolism. Therefore, it is the examiner's 
position that the results provided in the Moriarty 
declaration are not unexpected or unobvious..." (underlining 
in original) 

The sole evidence offered by the Examiner that the prior art 
teaches that "the ordinary artisan would expect the prior art 
compounds not to significantly alter calcium metabolism" is found 
in Bishop U.S. Patent No. 5,763,429. There at col. 5, line 60 to 
col. 6, line 13, Bishop states that "[t]he la-hydroxyvitamin D 
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compounds of formula I of the present invention are those that 
. . . have a lower tendency or inability to cause hypercalcemia 
and/or hypercalcuria [than the vitamin D3 compounds] . " 

This passage in Bishop is scientifically unsupportable and, 
in fact, incorrect. The quoted passage may suggest that all 
compounds of Bishop formula I have a lower tendency than la(OH)D 3 
to cause hypercalcemia, but the evidence of record shows that 
they do not. In fact, the closest prior art compound, la(OH)D 4 , 
does not have a lower tendency than la(OH)D 3 to cause 
hypercalcemia. According to the August 24, 1994 "Declaration 
Under 37 CFR 1.132" of Dr. Joyce Knutson contained in the file 
wrapper for Knutson et al . U.S. Patent No. 5,488,12 0, issued Jan. 
30, 1996, eleven months before Bishop's filing date of Dec. 30, 
1996, la(0H)D 4 is "essentially equivalent to la-hydroxy Vitamin 
D 3 ... in its ability to stimulate an increase in serum calcium" 
(see APPENDIX III attached hereto, paragraph 6) . 

A person of ordinary skill in the art at the time of 
Appellant's invention would have been naive to believe Bishop's 
statement, or at least the examiner's interpretation of Bishop's 
statement, that every compound within the genus disclosed by 
Bishop formula I, regardless of what is substituted for Rl, R2, 
R3, XI and X2, would have effective antiproliferative properties 
and a lower tendency to cause hypercalcemia than la(0H)D 3 . It is 
unlikely that Bishop believed this himself. Knutson, named as a 
co-inventor on the Bishop et al. '429 patent, had data showing 
that la(0H)D 4 and la(OH)D 3 have essentially the same effect on 
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serum calcium. 

Appellants submitted additional data (see "Declaration Under 
37 §1.132" of Dr. Robert Moriarty in APPENDIX IV) that also shows 
that Bishop's statement at col. 5, lines 60-67, or at least the 
examiner's interpretation of Bishop's statement, is wrong. 
Referring to the last two lines of data in Table I of the 
Moriarty declaration, the data shows that lot(OH)D 4 has a 
relatively high calcemic activity compared to the claimed 
compound la(0H)D 5 . Since la(0H)D 4 is also a species of the 
generic compound of Bishop formula I, this data also refutes the 
examiner's argument that all compounds of Bishop formula I would 
be expected to be useful as antiproliferative and cell 
differentiation agents without significantly altering calcium 
metabolism. 

The data in the Moriarty declaration (backed up by the 
statistical analysis of Dr. Samad Hedayat) shows that, between 
la(0H)D 5 and la(0H)D 4 , two synthetic compounds, la(OH)D 5 is 
significantly less calcemic than la(0H)D 4 . This is an important 
improvement in properties, because, unlike the other known 
vitamin D analogues, the desirable antiproliferative activity of 
la(0H)D 5 is not offset by undesirably high calcemic activity. No 
one, including Bishop, anticipated that la(0H)D 5 would have such 
a favorable combination of properties. 

A person of ordinary skill in the art at the time of 
appellants' invention would have expected differences in calcemic 
activity between compounds having different structures. However, 
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the relatively low degree of calcemic activity in la(OH)D 5 
compared to its closest analogues, resulting in la(OH)D 5 x s 
potential for the preventing and treating cancer, was not 
expected. 

B. THE EXAMINER ERRED IN FINDING CLAIM 1, DIRECTED TO 
la(OH)D 5 . OBVIOUS, BECAUSE THE PRIOR ART FAILS TO DISCLOSE 
OR RENDER OBVIOUS A METHOD FOR MAKING la(OH)D 5 

The absence of a viable synthetic route or obvious method 
for making a claimed compound overcomes a presumption of 
obviousness based on the close relationship between the 
structures of the claimed compound and the prior art compounds . 
See In re Hoeksema , 399 F.2d 269, 274-75, 158 USPQ 597, 601 (CCPA 
1968). In synthesizing la(OH)D 5 , appellants took a naturally 
occurring starting material and made something that had never 
been made before. To appellants' knowledge, there was no known 
method for making la(0H)D 5 at the time it was first synthesized 
by appellants. Therefore, the Examiner's prima facie case of 
obviousness has been overcome. 

In fact, the obvious way of making la (OH) D 5 at the time of 
the invention, if one chose to select a naturally occurring 
sterol as a starting material, would have been to choose 
systosterol, which has the same side chain as la(0H)D 5 . But this 
would have been unsuccessful because commercially available 
systosterol consists of an inseparable mixture of systosterol, 
campesterol and brassicasterol . The Appellants discovered that, 
by using commercially available pure stigmasterol instead, they 
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could synthesize la(OH)D 5 with the correct sidechain. 

There are many, many analogues of vitamin D2 and vitamin D3 . 

I 

The method by which virtually all of these analogues were made 
prior to the date of appellants' first synthesis of la(OH)D 5 was, 
almost universally, to functionalize the side chain as a separate 
chemical moiety and then add the side chain to a truncated / 
vitamin D moiety to obtain the vitamin D analogue. Appellants/ 
did not use this conventional technique in synthesizing lo£(OHj)D 5 . 
Uniquely, appellants recognized that a natural compound, I 
stigmasterol , existed, that already had an ethyl group in the C24 
position, and that stigmasterol had this ethyl group in one and 
only one configuration. Appellants recognized that they could 
prepare an active vitamin D analogue (la(OH)D 5 ) without adding a 

side chain in a separate step to achieve the desired ; 

I 

configuration, but rather by taking a naturally occurring ' 
compound and using it as a starting material. 

Thus, appellants did not use known methodology for making 
la(0H)D 5 with an ethyl group as the functional side chain. 
Appellants made la(OH)D 5 in a totally different way. This method 
was neither disclosed nor obvious at the time of appellants' 
invention. Even if the literature contained some motivation or 
suggestion that la (OH) D 5 would have the desirable combination of 
properties it has, which appellants do not concede, no one had 
thought to use the naturally occurring sterol, stigmasterol, as 
starting material, to obtain la(OH)D 5 . For this additional , ; 
reason, the rejection of claim 1 should be reversed. ^^^^ 
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C. SECONDARY CONSIDERATIONS 

Developing an effective antiproliferative compound having 
low calcemic activity (i.e. low toxicity) has been a goal of the 
pharmaceutical industry for a long time. None of the named 
inventors in the four cited references, even though the 
references disclose generic structures that include la(OH)D 5 , 
knew of the significantly lower calcemic activity of la(OH)D 5/ or 
else they would have made the compound, or at least tried to make 
it. To appellants' knowledge, no one did. No one, including the 
appellants when they set out to make la(OH)D 5 for the first time, 
anticipated that an ethyl group at the C24 position in la(OH)D 5 
would have such a favorable effect on the properties of the 
compound because the sum total of the existing data could not be 
used in a predictive way. 

Before Appellants synthesized la(OH)D 5 there had been a long 
felt need to develop a vitamin D derivative that has 
antiproliferative activity but has low calcemic activity. 
Hundreds, if not thousands, of vitamin D derivatives were made 
with this objective in mind, but have failed to achieve this 
desired combination of properties. Many of these vitamin D 
derivatives are species of Bishop's formula I generic compound. 
Given the large number of compounds included in Bishop formula I 
and the unpredictability of the properties of these compounds, 
the examiner's position (that there was a reasonable expectation 
that la(OH)D 5 would be an effective antiproliferative agent and 
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cell differentiation agent while having low calcemic activity) is 
unjustified. 

In their Amendment After Final Office Action of December 13, 
1999, appellants submitted evidence that la(OH)D 5 shows great 
promise to fulfill a long felt but unmet need for an effective 
chemopreventive compound. The evidence included an editorial 
published in the February 5, 1997 issue of the highly respected 
Journal of the National Cancer Institute that stated in part: "A 
major focus of chemopreventive research in the field of vitamin D 
and cancer has been to synthesize analogues of la, 25- (OH) 2 
Vitamin D 3 that have prominent antiproliferative effects against 
cancer cells without resulting in hypercalcemia ... The study by 
Mehta et al. reported in the same issue of the Journal [regarding 
la(OH)D 5 ] presents an entirely new class of vitamin D compounds 
(vitamin D 5 )." The study by Mehta, one of the present inventors, 
described the efficacy of la(OH)D 5 in preventing mammary 
Carcenogenesis . 

A second article, published in the Nov. 15, 2000 issue of 
the Journal of the National Cancer Institute and submitted by 
appellants in their Jan. 30, 2000 submission, provided further 
evidence of vitamin D5's chemo preventative promise. Appellants 
continue to study the efficacy of la(0H)D 5 in the prevention and 
treatment of cancer, particularly breast cancer, with substantial 
funding in part from the United States Army. 

If the Bishop et al . patent, issued June 9, 1998, taught the 
benefits of la(0H)D 5/ then why has no one besides appellants made 
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and tested it in the ensuing time? The answer is twofold: no 
one skilled in the art understood Bishop to teach that la(OH)D 5 
would have such a favorable combination of therapeutic activity 
and low calcemic activity, and (2) no one, to Appellants' 
knowledge, had discovered a synthetic route for making la(OH)D 5 . 

SUMMARY OF APPELLANT'S ARGUMENT 

The examiner's prima facie case of obviousness is based on 
the fact that the claimed compound is encompassed by a genus 
disclosed in four prior art patents, and the examiner's belief, 
based on the Bishop et al . patent, that an ordinary artisan would 
have the reasonable expectation that any of the species of the 
genus would have similar properties and, thus, the same use as 
the genus as a whole. Appellants have rebutted this prima facie 
case of obviousness with factually supported objective evidence 
that there was, in fact, no reasonable expectation that la(OH)D 5 
would have the properties it has. Appellants have also pointed 
out the absence of prior art suggesting a viable synthetic route 
for making la(OH)D 5 . Finally, appellants have provided evidence 
that la(OH)D 5 shows great promise in fulfilling the long felt but 
unmet need for a chemopr event ive agent having low calcemic 
activity. A decision reversing the examiner's rejection of claim 
1 is respectfully requested. 

VI. APPENDICES 

I . Claim on Appeal 
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II. References cited by the Examiner. 

III. Excerpt from file wrapper of Knutson Patent No. 
5,488, 120 

IV. Declaration of Dr. Robert Moriarty 



Respectfully submitted, 




Attorney for Appellants 

BULLWINKEL PARTNERS, LTD. 
19 S. LaSalle Street - Suite 1300 
Chicago, Illinois 60603-1493 
Telephone: 312-201-0777 

Dated: /Z*^/ 2l 
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APPENDIX I 



PENDING CLAIM 



CLAIMS 

We claim as our invention: 

1. A compound of formula I: 




wherein: 

Rl is hydrogen; 

R2 is -CH 3 ; 

R3 is -CH 3 ; and 

R4 is hydrogen. 
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ABSTRACT 



A method of treating psoriasis in a patient which com- 
prises administering to said patient an effective amount 
of a vitamin D compound which is capable of stimulat- 
ing the differentiation of cultured tumor cells or normal 
rodent or human fibroblasts or keratmocytes in vitro. 

15 Claims* 2 Drawing Figures 
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4,728,643 

1 2 

diseases involving calcium, phosphorus and bone me- 

METHOD OF TREATING PSORIASIS ubolism problems. It is only recently, however, that it 

has become clear that the skin itself may be a target 

BACKGROUND OF THE INVENTION for 1,25-<0H)2-D3 (Stumpf, W. E. et al. f Sd- 

1. Field of the Invention 5 ence. 206:1 188-1 190 (1979)). Cells isolated from the skin 

The present invention relates to a novel method of of rats* mice, and humans, and from cultured human 

treating psoriasis, a disease of the skin. The method skin fibroblasts and keratinocytes contain a high affinity 

comprises using vitamin D- related compounds. (1.0X 10- 10 M) low capacity receptor-like protein for 

1 Brief Description of the Background Art 1,25-dihydroxy- vitamin Dj (Franceschi, et aL, Arch. 

Psoriasis is a disease of the epidermis and a major 10 Biochem. Blophys, 210: 1-13 (1979); Simpson, R. U. et 

cause of disability and disfigurement, for between aL, PN^LS. USA. 77: 3822 (1980); Colston, K- et aL, 

2,000,000 and 8,000,000 persons in the United States. Of Endocrinology. 107: 1916 (1980); Feldman D. et aL, Jour- 

these, about 100,000 are severely affected. W of Clinical Endocrinology & Metabolism, 51: 1463 

The disease is diagnosed by the presence of scaling (logo); Eil, C et aL, PN^LS. USA. 78: 2562 (1981); and 
erythematous on the scalp and extender aspects of the ™ Clemens, T. L. et al. t /. Clin. Endocr. Metab. 56: Apr. 
arms and legs; psoriatic lesions often are accentuated on 1983 ). A specific biological function for U5<OEiV 
the sites of repeated trauma, such as the elbows and vitamin D 3 in the skin, however, has yet to b7discc£ 
° f P^^^^^iasu often contain ^ NevcrtheIesSf evidence has come forth supporting 
a sil very-white micaceous scale that ts relatively easily tUm *u n 7li- jn..„i^. _ *-u-r* *Tu .-T* 
removed in layers. There is a several fold increase in the 20 ^ n C H 0 ^^ K ^^^ ^ 
normal number of the basal cells of the epidermis. This hmbMoffc actions m the skm. This was 
m^Trn^^^ r^l^ *«^»** ^ biological activity of 
over time of the epidermis from the normal 27 days to l>*«foydroxy-D 3 simultaneously m cultured human 
3-* days. This shortened interval leads to the conse- *** fibrobIasts dthcr possessed or lacked a cyto- 
quence that normal events of call maturatioa or keratin- 25 *° fic receptor-Hke protein for the hormone (Clements, 
ization do not occur, and this failure of maturation is T. L. et aL, J. din. Endocrinol Memo., 56: Apr. 1983). 
reflected by an array of abnormal morphologic and The receptor-negative skin fibroblasts were obtained 
biochemical changes. Numerous cytologic, histologic, from a patient with a rare bone disorder called vitamin 
histochemical and biochemical alterations are now D dependent rickets, type 3, a heritable disorder caused 
known to be the result, rather than the cause of the 30 by a defective or complete absence of a cytoplasmic or 
disease process. The only main fact known at this time nuclear receptor for 1,25-dihydroxy vitamin D. The 
about the fundamental cause of psoriasis is that the dihydroxy metabolite of vitamin D3 caused a dose- 
predisposition to its development is genetically trans- dependent inhibition of cell growth in receptor positive 
mitted. (This introduction is basically taken from Har- skin fibroblasts (about 40-50% reduction in cell growth 
rison's Principles of Internal Medicine, 10th Ed., Vol, 1, 35 was observed in cultures containing 10- 6 and 10- 8 M of 
pp. 256 and 257). hormone and 12% in cultures containing 10- 10 M of 

The treatment of psoriasis sail remains the province 1,25 — (OH>2 — D3), and, by contrast, had absolutely no 

of dermatologists. The most effective treatment in the effect on the growth of receptor negative skin fibro- 

control of localized psoriasis for most patients is the blasts. 

topical use of corticosteroids with a plastic wrap and 40 The aforementioned seemingly two divergent lines of 
ultraviolet light or sunlight exposures. On certain pa- research, the treatment of psoriasis on the one hand, and 
Dents who have generalized psoriasis, it has been neces- ^ effects of vitamin D3 on skin components on the 
sary to use a variety of systemic chemotherapeuuc othef| heretofore unrelated until by the pres- 
ets, esr*ci^y ^methotrexate; the latter has the capac ^ mveatloiIf ^ ^ brou ht togetner . 
ity to inhibit cell replication without a proportionate 45 

inhibition of cell function; Le. keratinization. Photo- SUMMARY OF THE INVENTION 

chemotherapy was introduced in 1974, in the so-called nitl • rt11i> t « . i# . . . ... 

PUVA treatment In this treatment, psoralen is adminis- invention arose out of the initial observation that 

tered two hours befor? toTt^^ ^wr^n^ ^1 *LT° 

specialHghtsystemthateni^ 50 ^"^^T? 3 &t concentrations, they 

ultovioleVUght The Kght alone is ineffective in pro- T' * SWWfll f'^^J* 

ducing erythema or remUsion of psoriatic lesions; how- P^™acoiogic concentrations (10-«and 10-* hfy the 

ever, in the presence of one of thepsoralena, the UV-A dihydroxy metabohties of vitamin D3 was capable of 

light becomes a potent photoactive agent and produces the cells growth of these psoriatic fibroblasts, 

a remission of psoriatic lesions after several exposures. 55 Thm VItamin D ' 33 wdI 44 Its homologues, analogues 

Photochemotherapy requires specialized knowledge *? d aydroxylated metabolites, can be utilitized effec- 

and lighting systems delivering precisely measured tiveiy in the treatment of psoriasis, 

amounts of ultraviolet light An accurate correlation between an in vitro test or 

Along quite different areas of research, Holick et al. tests m< * antici-psoriatic treatment in vido has further 

(New England Journal of Medicine. 303:349-354(1980)) 60 established. According to this correlation, the 

have studied the feasibility of using the skin as the organ vitamin D compounds usable in the treatment of psoria- 

for the synthesis and absorption of vitamin D metabo- ^ are those capable of stimulating or inducing the dif- 

lites. These investigators demonstrated that topical ap- ferentiation of tumor or normal cell lines which possess 

plication of various vitamin D metabolites or pro- receptors for 1,25-dihydroxyvitamin D3. Normal cell 

vitamin forms followed by phototherapy results in ele- 65 lines include cultured rodent and human keratinocytes. 

vated serum levels of dfrydroxy-vitamin Dj. It was Active compounds are also those capable of increasing 

therefore suggested that topical application of vitamin the enzymatic activity of transglutaminase in the same 

D analogues may be an effective method of therapy for cell system, or are those capable of inhibiting the cell 
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growth in vitro of human skin fibroblasts. Details of flat, they are readily distinguishable in a hemocytome- 

these tests can be found below. ter. The method of Sun and Green (Cell, 9: 511 (1976)) 

The vitamin D compounds, homologues, analogues can be used to determine the presence of a enrnHfo j 

or metabolites thereof which are useful in treating psori- envelope. The cells are resuspended in 10 mM Tris- 

asis are those which demonstrate activity in any of the 5 HO (pH 7.4) containing 196 bVu-mexcaptoethanol and 

in vitro tests, 1% sodium dodecylsultate at a density of £30x10* 

tMxuuLxizjx heinocytometer under a phase contrast microscope. ... 

Generally, an active compound is one which induces 10 The size of cells can be measured in photographs with 

differentia] at physiologic concentration of a tumor or a a stage micrometer as a standard. The density dJstribu- 

normal cell line which possess receptors for 1,25-dihy- tion of cells is measured by density gradient centrifttga- 

drojcyvitamin D3. Among normal useable lines are for tion in PercoH ®. Epidermal cell* JMlXlO 6 /ml are 

example human or rodent keratinocytes or fibroblasts, suspended in PB3 containing 40% Percolfc placed iiqi i " 

Among tumor lines are HL-£0 cell line, M-l cell line; 15 10 ml polycarbonate tube, and ccntrifuged at 15,000 Kg 

breast tumor cells. A few tests will be described in fur- at 3* C. for 30 minutes in an angled rotor. Fractions are 

ther detail herein. collected by use of drnti ty marker h^ark Ryr iigH 

A first test is one which measures the differentiation microscopic observation, cefls frown in a glass cover 

of cultured keratinocytes, The assay is essentially the slip are fixed with either 10% formalin or methanol/** 

one described by Hosomi, ct aL, "Regulation of Termi- 20 cetic acid (3:1) apd stained with hemotoxiline and. eo- 

nal Differentiation of Cultured Mouse Epidermal Cells thine or rhodamk blue. 

by la^5~dihydroxy Vitamin Ds" Endocrinology, 113: In the presence of ah active vitamin D comp o u nd 

1950 (1983) for mice, or that described by dements et useful for psoriatic treataent, d^erentiation of epider- 

aL supra for the human system, both herein incorpc- mal cells is markedly stimulated* Focal stratification a 

rated by reference. Brietly, epidermal cells are prepared 25 formed ra places on top of the epidermal cell sheets, 

from newborn C57BL mice by overnight treatment Stratified fod increase in nu^ 

with trypsin at 4* C followed by separation of the epi- ous foci coalesce. In the uppermost layer ofstratified 

dermis from the dermis with forceps. CeDs are plated at foci, cells produce an amorphous material staling red 

a density of 10 6 cells per 4.5 cm 2 well and grown in with hemp toxaline and eothine and rhodanfle blue. 

Eagle minimum essential medium (MEM) (supple* 30 Some cells are enucleated and some h^^ 

mented with 10% fetal calf scrum (FCS)). Cells can also noetic nucleus. Differentiated cells slough off into the 

be grown in low calcium medium. Eagle MEM, with- medium so that the total number of ceils attached to the 

out calcium supplemented with 10% dialyzed FCS. dish decrease contmously With the time of cultivation. 

Calcium concentration of the low calcium medium can The fraction of attached basal cells decrease sharply in 

be from about 0.01 -0 J5 mM, whereas a conventional 35 the presence of an active vitamin D compound. For 

MEM plus 10% FCS usually may contain 1.0-2.0 mM example, dose to 100% of the cells are basal cefls on 

calcium. Cells are incubated in a humidified COj incu- day 0, but only about 25% cm day 3 and less than 10% 

bator at 37* C All experiments are performed on the after day 10. In a; c^ hand, 

.primary cultures. Twenty-four hours after plating, the more than t 60% of me cells are basal cells during the 

medium is changed and the vitamin D compound is 40 first six days and usually 30^40% or so remain basal on [ 

added at concentration of 0.12, 12 and 12 nm (0.05, 0.5 a>y 10. of squampra in the vitamin D 

and 5.0 mq/ml, respectively). Control cultures are sup- active treated cultures, first among the attached cell 

plemented with ethanol at a final concentration of population and then among the sloughed off floating 

0.5%. The media with and without the vitamin D is cells, 

renewed every 3-4 days. (FCS contains 1,25— (OH)- 45 Epidermal aWerentiati 

2 — D3at 0. 12 nm (Tanaka, H. et aL, Biochcnu J. f 204: 713 ing coraified ^v^jftpg* Winning kft** .Mil lyy« with 

(1982)). Therefore, the endogenous concentration of the solution containing 1% sodium dodecybulfate and 1% 

vitamin in the control culture medium which contains beta-mercaptocthanoL When the cells are grown in die 

10% FCS is negligible.) presence of 12 nM active vitamin D compound, the 

Differentiation of epidermal cells in culture is exam- 50 percentage of cells with a cbrmfted envelope increases 

ined morphologically by with time of cultivation. The percentage b greatest afW 

(1) counting the number of squamous and enucleated 10 days in culture when about 60-70% of the cells have 
cells sloughed off into the medium, an envelope. In contrast, the perccnuge of control 

(2) counting the number of squamous and basal cells cultures remain at 20% or less during a two weckobser- 
attached to the dishes, 55 vation period. 

(3) formation of a coniified envelope. The cells obtained in the presence of an active vita- 

(4) the cell size and cell density, or min D compound for 3 days are larger and. lighter than 

(5) morphological changes seen under a light micro- those in its absence The diameter of cells in the treated 
scope, or some or all of the above in combination. cultures is usually about 25 ±10 mm, compared with 
Floating cells are collected from the medium. Then 60 about 17±5 mm in a control. ; 

the cultures are washed with phosphate buffered saline Cell density by Percoll gradient centrifugation indi- 

(PBS) and attached cells are dissociated by treatment cates that, when grown in the presence of an active 

with0.05% trypsin and 0.1% EDTA solution at 37* C. vitamin D compound for 3 days, about 65% of the cells 

for 20-30 min. Cell suspensions are then divided into are collected in; the lightest fraction with a density of 

two portions: one for counting the numbers of squa- 65 about 1.017-1.027, whereas about 40% of the control 

mous and basal cells and the other for counting comi- cells are recovered in this fraction. Concomitantly, the 

fied envelopes. Since basal cells are small and round, number of cells in a heavier fraction (density) between 

whereas squamous and enucleated celb are large and about 1.06 and 1.038 decrease, m the treated, cultures. 
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Similar results are obtained at day 7. Human keratino- 
cytes can be grown by the method of Clemens et al, 
supra, and analyzed in an identical manner. 

A second test is that of inhibition of human skin fibro- 
blasts. This test is found in Clemens et &, J. Ciin. En~ 
doer. Metak, 56: 824 (1983), herein incorporated by 
reference. Briefly, skin cells are isolated from surgically 
obtained normal human skin from mammary, face, 
thigh, etc. of a normal patient 

Normal skin biopsies are placed Immediately in Dul- 
becco's modified Eagle's medium (DMEM) containing 
10% fetal bovine serum, penicillin O (75 U/ml), and 
streptomycin (50 ng/ml). After removal of subcutane- 
ous fat and the deep reticular layer of the dermis, the 



10 



15 




(I) 



tissues are minced and placed in 10 ml 0^5% trypsin at jq w ] leze j n 

4* C overnight. ^ bond between carbons C-22 and C-23 fc'sfcifele or 

doable; Y l is hydrogen, F, — CH3 or — CH2CH3; 

i^faCFjorCHjX 1 ; 



, overnight 

Fibroblasts are plated at 7-10X 10* cells in 35-mm 
Costar dishes in DMEM containing 5% NBS. After 
attachment of cells (6 hours), the media are aspirated 25 
and replaced with fresh medium containing ethanol 
alone (0.01%) or ethanol (0.01%) containing compound 
at 10- l0 , 10-*, 10-fi, or 10-* M. At intervals thereaf- 
ter, cells are harvested from duplicate plates by trypsin- 30 
ization and counted in a Coulter counter. Control and 
compound supplemented media are replaced at 4-day 
intervals. Normal foreskin fibroblasts, plated at 5X 10* 
cells/well (DMEM; 5% NBS), can also be treated with 35 
ethanol (0.01%) alone or ethanol containing compound 
(10- "MO- 4 M). After 4 days, fresh medium containing 
the appropriate sterol is replaced, and cells are counted 
2 days later, 6 days after plating. 

An alternative and perhaps faster and more accurate 
test of correlation for active vitamin D compounds is 
the in vitro activity of transglutaminase, in the keratino- ^ 
cyte culture. The enzymatic test is carried out accord- 
ing to standard transglutaminase assays, Scott, K. F. F. 
et aL, /. CdL Physiol 111:111-116 (1982). Any com- 
pound which when present at a concentration of 10- 12 
M to 10-3 m increases the enzymatic activity by 25% 
or more, preferably 50% or more, most preferably 
100% or more is considered an active compound. 

Use of the HL-60 ceils in an in vitro test is described 
in Shiina, et al, Arch. Biochem. Biophyx 220:90 (1983). 
Use of the Ml cells in an in vitro test is described in 
Honma et al., PNAS. USA 80;20l-204 (1983). Both of 
these references are herein incorporated by reference. 

Any vitamin D compound which at in vitro concen- 
trations of 10- 12 M to 10- 3 M is capable of cellular 
difTerentiation or inhibiting of fibroblast growth by at 
least 25%, preferably 50% is considered active. 

Among the preferred compounds usable in the pres- 
ent invention are those of the formula (I): 



or an epoxy 




group; 

wherein X is selected from the group consisting of 

hy&oge£ ^ad^-OFL 
When the compounds of formula (I) have a double 
nd at position C-22, they are derivatives of vitamin 
hereas if the bond at that position fa. single, and 
a lack of C34 alkyU they are derivatives of vita- 
>3.^The latter are preferred. 

are those compounds derived from vita- 
mins Da or D2; 1-hydroxy-vitamins D3 or Di; 1,25-dihy- 
droxy vitamins D3 and D# 24,25 -dihydroxy vitamins 
D3 or D2; 25,26-dihydroxy vitamins D3 or D2; 1,24,25- 
trihydroxy vitamins D3 or D?. Most preferred among 
these are vitamins D3 or D3; 1-hydroxy-vitamins D3 or 
Dx and 1 ,25-<hliydroxy- vitamins D3 or D* especially 
5,6- epoxy derivatives of vitamin D and its metabolites, 
as well as the side chain fluoro derivatives of 1, 25 
(OHh vitamin D and la (OH) vitamin D. 

Among other preferred compounds are water soluble 
derivatives of the aforementioned compounds of for- 
mula (1) obtained by solubilizing such compounds by 
attaching thereto glycosidic residues such as those dis- 
60 closed in Holick, U.S. Pat. No. 4,410,515. Alternative 
methods of solubilization are by conjugating com- 
pounds of formula (I) to glycosyl orthoester residues, as 
disclosed in copending U.S. Ser. No. 607,1 17 by Holick 
et al., filed May 3, 1984. The disclosures of the afore- 
mentioned patent and application are herein incorpo- 
rated by reference and made a part hereof. 
Of interest are compounds of the formula (II): 
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wherein 

Y 2 b hydrogen, fluorine, methyl or ethyl; 
2?bF,HorX* 

qa tnd Q*have the same meanings as in formula (I): 
R b a double bond or an epoxy group; 
X 2 b selected from the group consisting of hydrogen, 25 
and OR 1 , 

where R 1 b hydrogen or a straight or branched chain 
giycosidic residue containing 1-20 glycosidic units per 
residue or R 1 b an ortoester glycoside moiety of the 
formula (III). 3° 



(in) 



35 



where 

. A represents a glucofuranosyl or grocopyranosyl 
ring; ^ 
R 2 b hydrogen, lower alkyl, aralkyU or aryl; and 
R 3 b hydrogen or a straight or branched chain glyco- 
sidic residue containing 1-20 glycosidic units per 
residue, with the proviso that at least one of the R 1 
b either a glycosidic residue or an orthoester gly- 45 
coaide moiety. 
The vitamin D compounds are prepared or obtained 
according to the disclosures of the aforementioned ref- 
erences. In particular, the 5,6- epoxy derivatives of 
vitamin Dj are obtained as described in Jpn* Kokai Tok- 50 
kyo Koho JP 58,216,178 [83^16,178], Dec 15, 1983. 

The fluoro derivatives are made or obtained as de- 
scribed in Shfina, et aL, Arch. Btochtm. Biophys 220:90 
(1983). 

The compounds of the invention can be adminbtered 55 
in any appropriate pharmacological carrier for oral, 
parenteral, or topical administration. They can be ad- 
minbtered by any means that effects palliating condi- 
tions of psoriasb in humans. The dosage adminbtered 
will be dependent upon the age, health and weight of 60 
the recipient, kind of concurrent treatment, if any, fre- 
quency of treatment and the nature of the effect desired. 
Generally, systemic daily dosage of active ingredient 
compounds wul be from about 0.001 micro grams/kg to 
100 microgramsAg preferably 0.1 to 1.0 micrograms 65 
per kg of body weight Normally, from 0.1 to 100 mi- 
crograms/kg per day, in one or more applications per 
day b effective to obtain the desired results. Topical 



dosage would be 0.001 micrograms to 100 micro- 
grama/cm 2 area of skin. 

The compounds can be employed in dosage forms 
such as tablets, capsules, powder packets, or liquid solu- 
tions, suspensions or elixirs for oral adminbtntion, ster- 
ile liquid for formulations such as solutions or suspen- 
sions for parenteral use. Alternatively, the compounds 
can be present in a pharmacologically inert topical car- 
rier such . as one comprising a gel, an ointment or a 
cream, including such carriers as water, glycerol, alco- 
hol, propylene glycol, fatty alcohols, triglycerides, fatty 
acid esters or mineral oils. Other possible carriers are 
liquid petrolatum, isppropyipalmiute, polyethylene 
glycol ethanol 95%, polyoxyethylene monolaurate 5% 
in water, sodium lauryi sulfate 5% in water, and the 
like. Materials such as anti-oxidants, humectants, vbcos- 
ity stabilizers and the like may be added, if necessary. 

The compo unds 
pumps or tapes. 

Having now generally described this invention, t^e 
same wul be understood; by reference to in example 
which b provided, herein for purposes of illustration 
only and b not intending to be limited unless otherwise 
specified. 

Skin biopsies from Involved and unirivolved sites 
were obtained from psoriatic . patients and therefrom 
were obtained cultured fibroblasts. Ah analysis of cul- 
tured fibroblasts from the psoriatic patients revealed 
that these possess high affinity low capacity receptors 
for 1,25— <QH2)-tP3 and. tot the Kd and density for 
these receptors in fftroblasts from the unmyolved areas 
were essentially no different froin that found in cultured 
skin fibroblasts from normal subjects. In addition, the 
fibroblasts from involved sites possessed receptors fot 
1 ^5-dmydroxyvitamin D3 thai have a normal affinity 
constant but possibly as much as 100% decrease in 
number of receptor sites when compared to the unin- 
volved fibroblasts. --"/v*/ 

It was next detenhined if cultured fibroblasts from 
psoriatic patients would respond to 1,25-dfcydrox- 
yvftamin D3 by causing an inhibition of cell growth. 
Cultured human fibroblasts from normal and psoriatic 
subjects were incubated with either no 1,25-dihydrox- 
yvitamin D3 or 1,25-dihydroxy vitamin Dy at either 
10-10, 10-8, 10-6, 6r l0^ : M. Fibroblasts from, the 
normal subjects responded as expected in a dose depen- 
dent manner. However, hone of the fibroblasts obtained 
from six different subjects with psoriasb responded to 
1 ,25-dmydroxyvitamin D j at 1Q- *M in a similar fashion 
as the controls. When psoriatic cells were incubated 
with 1 ,25— <OH)2--D3 aUOr * M, there was a small but 
significant effect on inhibiting ceU growth in some of 
the subjects studied ; (who were resbtant to up to lO* 4 
M of 1 ^5-dihydroxyvitamin D3). In one subject, a de- 
tailed time course and dose response revealed a very 
small response at 10~ 6 M while 1^5-dihydroxy vitamin 
D3 at 10~* M was very effective in inhibiting cell 
growth (FIG. 1). 

What b claimed as new and desired to be covered by 
U.S. Letters Patent b: 

/l)A method of treating the disease of psoriasb in a 
patient affected by said disease which comprises admin- 
istering to said patient by oral or parenteral means ah 
effective amount of a vitamin D compound/which 
compound when tested in vitro b capable of stimulating, 
the differentiation of cultured tumor cells. 
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2. The method of claim 1 wherein said tumor ceDs are 
human cells. 

& The method of claim 1 wherein said tumor ceQs are 
HL-60 cells or M-l cells. 

4. A method of treating the disease of psoriasis in a 
patient affected by said disease which comprises admin- 
istering to said patient by oral or parenteral means an 
effective amount of a vitamin D compound, which 
compound when tested in vitro is capable of stimulating 
the differentiation of cultured normal rodent or human 
keratinocytes or fibroblasts. - 

5. A method of treating the disease of psoriasis in a 
patient affected by said disease which comprises admin- 
istering to said patient by oral or parenteral means an 
effective amount of a vitamin D compound, which 
compound when tested in vitro is capable of inhibiting 
normal fibroblast cell growth. 

6. The method of claim 3 V wherein said fibroblasts are 
human fibroblasts. 

7. A method of treating the disease of psoriasis m a 
patient affected by said disease which comprises admin- 
istering to said patient by oral or parenteral means an 
effective amount of a vitamin D compound, which 
compound when tested in vitro is capable of increasing 
the enzymatic activity of transglutaminase in cultured 25 
keratinocytes. 

8. The method of any of claims 1-7, wherein said 
vitamin D compound is selected from the group consist* 
ing of 1 ^-dihydroxyvitamin Dj, 1,25-dihydrox- 
yvitamin D?, 1-hydroxyvitamin D3, and 1-hydrox- 
yvitamin D2. 

9. The method of claim 8 wherein said vitamin D 
compound is 1,25-dftya^xyvitamin D3. 

10. A method of treating the disease of psoriasis in a 
patient affected by said disease which comprises admin- 
istering to said patient by oral or parenteral means an 
effective amount of a vitamin D compound, which 
compound when tested in vitro is capable of stimulating 
the differentiation of a cultured cell said cell selected 
from the group consisting of (a) a cultured tumor cell 
and (b) a cultured normal rodent or human, keratino- 
cyte or fibroblast cell; said vitamin D compound having 
the formula (I): 
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wherein X 1 is selected from the group consisting of 
hydrogen and OH. 

11. A method of treating the disease of psoriasis in a 
patient affected by said disease which comprises admin- 
' tstering to said patient by oral or parenteral means an 
effective amount of a vitamin D compound, which 
compound when tested in vitro is capable of stimulating 
the differentiation of a cultured cell, said cell selected 
from the group consisting of (a) a cultured tumor cell 
and (b) a cultured normal rodent or human keratinocyte 
or fibroblast cell; said vitamin D compound having the 
formula (II): 



30 




wherein 

the bond between carbons C-22 and C-23 is a single or 
double bond; Y 2 is hydrogen, fluorine, methyl, or 
ethyl; 

Z*isF,HorX- 

0° is CFj or CHjX 2 ; 

Q* is CF3 or CH3; 

R is a double bond or an epoxy group; 
X*is selected from the group consisting of hydrogen, 
and ORt, 

wherein R 1 is hydrogen or a straight or branched 
chain glyoosidic residue containing 1-20 glycosidic 
units per residue, or R l is an orthoester glycoside 
moiety of the formula (III): 



•OR 3 
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wherein 

the bond between carbons C-22 and C-23 is a single or 
double bond; Y 1 is hydrogen, F, CH3 or CH2CH3; 
Z» is F, H or X* 
Q a isCF 3 or CH2X 1 ; 
Q* is CFj or CH3; 

R is a double bond or an epoxy group; 



65 



where 

A represents a glycoruranosyl or giucopyraosyi ring; 
R 2 is hydrogen, lower alkyl, aralkyl, or aryl; and 
R 3 is hydrogen or a straight or branched chain glyco- 
sidic residue containing 1-20 glycosidic units per 
residue, with the proviso that at least one of the R 1 
is either a glycosidic residue or an orthoester gly- 
coside moiety. 

12. The method of any of claims 10-11 wherein said 
cultured cell (a) is a human tumor cell. 

13. The method of any of claims 10-11 wherein said 
cultured cell (a) is an HL-60 cell or an M-l celL 

14. The method of any of claim 10-11 wherein said 
vitamin D compound is capable, when tested in vitro, or 
inhibiting the growth of normal fibroblast growth. 

15. The method of claim 14 wherein said fibroblasts 
are human fibroblasts. 
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The invention relates to methods for enhancing wound 
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bitus, genito urinary ulcer and ulcerative keratitis heal- 
ing; inhibiting scar formation; and treating periodontal 
disease in an animal by the topical, oral parenteral, 
transdermal or ophthalmic administration of a vitamin 
D compound. 
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METHOD OF TREATING PERIODONTAL 
DISEASE 

This application is a continuation of application Ser. 5 
No. 07/416/781, filed Oct. 4, 1989 now abandoned. 

FIELD OF THE INVENTION 

The invention is in the field of medicinal chemistry. 
In particular, the present invention relates to novel 10 
methods for accelerating wound and ulcer healing and 
for treating periodontal disease using vitamin D-related 
compounds. 

BRIEF DESCRIPTION OF THE BACKGROUND , 5 
ART 

Human skin is a complex integration of different 
types of cells and tissues which form an organ. Skin is 
also the primary scat of the sense of touch and creates a 
covering for the protection of the deeper tissues. The 20 
skin also plays an important role in the regulation of 
body temperature and is also an excretory and absorb- 
ing organ. Skin consists primarily of a layer of vascular 
tissue and an external covering of epithelium known as 
the epidermis. On the surface layer are the sensitive 25 
papillae and alongside or imbedded beneath it are cer- 
tain specialized organs, specifically the sweat glands, 
hair follicles, and sebaceous glands. 

In order to defend the tissues below from trauma, the 
skin must be tough, flexible, and highly elastic. As a 30 
result of this function, injuries to the skin can occur. 
Wounds, which are caused by physical means, result in 
a disruption of the normal continuity of the structures of 
the skin. Examples of wounds include cuts, punctures, 
lacerations, etc. 35 

Whereas skin is composed of an external covering of 
epithelium, the stomach lining is also composed of inter- 
nal epithelium (endothelium). Gastric ulcers are a result 
of damage or erosion of the stomach lining. Gastric 
ulcers occur along the lesser curvature of the stomach 40 
where the pyloric glands border the oxyntic gland. 
They are usually 1 to 2.5 cm in diameter; however, they 
can vary from a few mm to several cm. Ulcers are usu- 
ally round, oval or elliptical, with sharply defined mar- 
gins. The surrounding mucosa is often hyperemic and 45 
edematous. Ulcers penetrate into the submucosa or 
muscular layer. A thin layer of gray or white exudate 
usually covers the base of the ulcers; this layer is com- 
posed of fibrinoid, granulation and fibrous tissue layers. 
During healing, fibrous tissue in the base contracts the 50 
ulcer and may distort the surrounding tissue. Healing 
continues as granulation tissue fills the base and epithe- 
lium from the ulcer edges cover its surface. 

Healing usually requires two to six weeks but may 
require a longer time, especially if the ulcer is large or of 55 
a longstanding nature. If complete healing of the ulcer 
does not occur (as monitored by X-ray or endoscopic 
exam), surgery is usually considered in an effort to pre- 
vent complications or a prolonged, distressing course. 
The Merck Manual of Diagnosis and Therapy, 14th ed., 60 
by Merck Sharp & Dohme Research Laboratories 
(1982). 

The mechanism of epithelial wound healing is a com- 
plex process involving ultrastructurat changes of epi- 
thelial cells. These changes allow for detachment from 65 
neighboring cells, migration and subsequent reattach- 
ment. The migration of epithelial cells has been found to 
depend on a suitable matrix composed of fibrin, fibro- 



nectin or basement membrane which traverse the 
wound. Clark, R. ( J. Am. Acid Derm.. 13:701-718 
(1985); Zitelli. J., Adv. Dermatol 2:243-268 (1987). 

There are two types of healing processes: (1) primary 
union or first intention healing and (2) secondary union 
or second intention healing. Primary union occurs when 
a clean wound with a minimal loss of tissue heals to* 
gether cleanly. The process involves clotting and for- 
mation of a crust or scab to seal the wound; an acute 
inflammatory reaction; reepithelialization of the surface 
and fibrous bridging due to fibrin followed by complete 
sealing of the wound by an epithelial covering. Thereaf- 
ter, hair follicles, sebaceous glands and sweat glands 
may subsequently regenerate. The process of second 
intention healing requires the removal of necrotic de- 
bris. The gap in the wound then fills in with fibrous 
materials. 

When dealing with gastric ulcers the major objec- 
tives of therapy are relief of pain and healing of the 
ulcer. In a number of countries (not the U.S.) carbenox- 
olene is used to treat gastric ulcers. Carbenoxolene is a 
hydro! ytic product of glycyrrhizic acid (derivative of 
licorice); it has been shown to increase the rate of gas- 
tric ulcer healing. Braunwald, E., Harrison* s Principles 
of Internal Medicine 11th ed. p, 1247. It appears to in- 
crease the life span of gastric mucosal epithelial cells 
and increase the secretion and viscosity of gastric mu- 
cus. However, carbenoxolene has aldosterone-like ef- 
fects, therefore it tends to increase the rate at which the 
body retains sodium and water. These effects may be 
blocked by aldosterone-antagonists, however the antag- 
onists obliterate the healing effects of the carbenoxo- 
lene. There is a need for therapies which can promote 
healing without the negative side effects. 

It has recently become clear that the skin may be a 
target tissue for 1,25— (OH)2-D3 (Stumpf, W. E. et al., 
Science, 206:1188-1190 (1979)). Cells isolated from the 
skin of rats, mice, and humans, and from cultured 
human skin fibroblasts and keratinocytes contain a high 
affinity (1.0x10- 10 M) low capacity receptor-like pro- 
tein for 1,25-dihydroxyvitamin D3 (Franceschi. et al., 
Arch. Biochem. Bioshys., 210: 1-13 (1979); Simpson, R. 
U. et al., P.N.A.S. (USA). 77: 5822 (1980); Colston, K. et 
al., Endocrinology. 107: 1916 (1980); Feldman, D. et al., 
Journal of Clinical Endocrinology & Metabolism, 51 : 1463 
(1980); Eil, C. et al., P.N.A.S (USA). 78: 2562 (1981); 
and Clemens, T. L. et al., / Clin. Endocr. Metab. 56: 
April 1983)). A specific biological function for 

I, 25— (OH)2 -vitamin D3 in the skin, however, has yet 
to be discovered. Nevertheless, evidence has come 
forth supporting the concept that the dihydroxy metab- 
olite of the vitamin does have biologic actions in the 
skin. This evidence was obtained evaluating the biologi- 
cal activity of 1,25-dihydroxy vitamin D3 simulta- 
neously in cultured human skin fibroblasts that either 
possessed or lacked a cytosolic receptor-like protein for 
the hormone (Clemens, T. L. et al., / Clin Endocrinol. 
Metab., 56: April 1983). The receptor-negative skin 
fibroblasts were obtained from a patient with a rare 
bone disorder called vitamin D dependent rickets, type 

II, a heritable disorder caused by a defective or com- 
plete absence of a cytoplasmic or nuclear receptor for 
1,25-dihydroxyvitamin D. Administration of the dihy- 
droxy metabolite of vitamin D3 caused a dose-depend- 
ent inhibition of cell growth in receptor positive skin 
fibroblasts (about 40-50% reduction in cell growth was 
observed in cultures containing 10 -6 and 10 -8 M of 
hormone and 12% in cultures containing 10- 10 M of 
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1,25— (OH)2-D 3 ), and, by contrast, had absolutely no 
effect on the growth of receptor negative skin fibro- 
blasts. 

Holick et al. (New England Journal of Medicine, 
303:349-354 (1980)) have studied the feasibility of using 5 
the skin as an organ for the synthesis and absorption of 
vitamin D metabolites. These investigators demon- 
strated that topical application of various vitamin D 
metabolites or pro-vitamin forms followed by photo- 
therapy results in elevated serum levels of dihydrox- 
yvitamin D3. It was therefore suggested that topical 
application of vitamin D analogues may be an effective 
method of therapy for diseases involving calcium, phos- 
phorous and bone metabolism problems. 

Holick, U.S. Pat. No. 4,410,515, discloses vitamin D 15 
glycosides and their use in the regulation of calcium 
metabolism and phosphorous homeostasis. 

Holick, U.S. Pat. No. 4, 521,410, discloses water-solu- 
ble glycosyl orthoesters of vitamin D and their use in 
the regulation of calcium metabolism and phosphorous 
homeostasis. 

Holick, U.S. Pat. No. 4,335,120, discloses that the 
toxic effects of orally administered vitamin D2 and vita- 
min D3 compounds can be avoided by topical adminis- 
tration whereby a slow and controlled transportation of 
the vitamin D compounds into the blood stream of a 
subject is achieved. 

Jackson, U.S. Pat. No. 3,655,881 (1972) discloses 
methods for treating burned skin by inducing a state of 
calciphylaxis. Calciphylaxis is a hypersensitivity reac- 
tion resulting from the administration of or endogenous 
production of a sensitizing calcifier in combination with 
a challenger. Sensitizing calcifiers include, inter alia, 
vitamins D2 and D3. 

Dikstein, U.S. Pat. No. 4,610,478, and European Pa- 
tent Application No. 0 129 003 (1984), discloses compo- 
sitions containing l-alpha-hydroxycholecalciferol or 
l-alpha,25-dihydroxycholecalciferol for the topical 
treatment of skin disorders, such as dermatitis, psoriasis, 
eczema, solar keratosis and certain stages of wound 
healing and alopecia. Dikstein also teaches that low 
dosages are required, from about 0.03 jig to 1.0 fig per 
gram of composition, to minimize the risk of undesired 
side effects and systemic effects. However, Dikstein 45 
does not teach that vitamin D compounds are useful for 
the treatment of wounds caused by lacerations, punc- 
tures or cuts. 

Additionally, no specific therapy is available for heal- 
ing decubitus or diabetic ulcers of the feet, however it is 50 
suggested that a course of aggressive supportive treat- 
ment can lead to salvaging the limb. Therefore, a need 
exists for effective treatments for diabetic ulcers. 
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SUMMARY OF THE INVENTION 
Despite the teaching of Dikstein high doses of 1- 




(1) 



wherein the bond between carbons C-22 and C-23 is 

single or double bond; 
yi is hydrogen, F, CH3, CH2CH3 or X 1 ; 
U is hydrogen, —OH or — O— (C2-C4 alkyl) — OH; 
Z 1 is F, H or X>; 
Q"isCF 3 or CH2X 1 ; 
Q* is CF3 or CH 3 ; 

R is a double bond or an epoxy group; 

wherein X 1 is selected from the group consisting of 

hydrogen and —OH; 
W is CH— CH3 or O; and 
Vis CH 2 orO; 

with the proviso that both W and V are not both O; 
and 

=s =" is either a single bond between Q°and Q*or 
a hydrogen atom on Q* and Q*, with the proviso 
that wherein "= = =" is a single bond, then X 1 is 
H. 

The invention also relates to a method of enhancing 
the healing of wounds in a patient which comprises 
administering to said patient an effective amount of a 
vitamin D compound, wherein said vitamin D com- 
pound has the Formula (II): 



(ID 



55 



alpha-hydroxycholecalciferol or l-alpha,25-dihydroxy- 
cholecalciferol must be avoided, the inventors have 
discovered that the topical administration of relatively 
high levels of active vitamin D compounds and homo- 60 
logues, analogues, and hydroxyiated metabolites 
thereof are therapeutically useful, in particular, for the 
treatment of wounds, ulcers, and periodontal disease. 

In particular, the invention relates to a method of 
enhancing the healing of wounds in a patient comprises 65 
administering to said patient an effective amount of a 
vitamin D compound, wherein said vitamin D com- 
pound has the Formula (I): 




wherein the bond between C-22 and C-23 is a single 

or double bond; 
Y 2 is hydrogen, fluorine, methyl ethyl or OR 1 ; 
Z 2 is F. H or X 2 ; 

U is hydrogen. —OH or — O— (C2-C4 alkyl)— OH: 
Q* is CF3 or CH 2 X 2 ; 
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Q* is CFjor CH3; 

R is a double bond or an epoxy group; 
X 2 is selected from the group consisting of hydrogen, 
and OR 1 , 

R 1 is hydrogen or a straight or branched chain glyco- 
side residue containing 1-20 glycosidic units per 
residue, or R 1 is an orthoester glycoside moiety of 
the Formula (III): 



an) 



OR 3 



wherein A represents a glucofuranosyl or 
glucopyranosyl ring; 

R 2 is hydrogen, lower alkyl, aralkyl, or aryl, with the 
proviso that aryl is phenyl or phenyl substituted by 
chloro, fluoro, bromo, iodo, lower C1-C4 alkyl, 20 
Q-Qalkoxy; or naphthyl; and 

R 3 is hydrogen or a straight or branched chain glyco- 
sidic residue containing 1-20 glycosidic units per 
residue, with the proviso that at least one of the R 1 
is either a glycosidic residue or an orthoester gly- 
coside moiety; 

W is CH— CH3 or O; and 

V is CH 2 or O; 

with the proviso that both W and V are not both O; 
and 

M = = =" is either a single bond between Q^and Q*or 
a hydrogen atom on Q° and Q*, with the proviso 
that wherein = is a single bond, then X 1 is 
H. 

The invention also relates to a method of inhibiting 35 
scar formation in a patient arising from cuts, lacerations, 
puncture wounds and abrasions which comprises ad- 
ministering to said patient a pharmaceutical composi- 
tion comprising an effective amount of a vitamin D 
compound and a pharmaceutical^ acceptable carrier, 40 
wherein said vitamin D compound has the Formula (I): 



R is a double bond or an epoxy group: 
wherein X 1 is selected from the group consisting of 

hydrogen and — OH; 
W is CH— CH3 or O; and 
V is CH 2 or O; 

with the proviso that both W and V are not both O; 
and 

s s= = " is either a single bond between Q" and Q* or 
a hydrogen atom on Q° and Q*, with the proviso 
10 that wherein = =" is a single bond, then X 1 is 
H. 

The invention also relates to a method for inhibiting 
scar formation in a patient arising from cuts, lacerations, 
puncture wounds and abrasions which comprises topi- 
15 cally administering to said patient a pharmaceutical 
composition comprising an effective amount of a vita- 
min D compound and a pharmaceutical^ acceptable 
carrier, wherein said vitamin D compound has the For- 
mula (II): 
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wherein the bond between C-22 and C-23 is a single 

or double bond; 
Y 2 is hydrogen, fluorine, methyl, ethyl or OR 1 : 
U is hydrogen, —OH or — O— <C 2 -C 4 alkyl)— OH; 
Z 2 is F, H or X 2 ; 
Q* is CF 3 or CH 2 X 2 ; 
Q* is CF3 or CH3; 

R is a double bond or an epoxy group; 
X 2 is selected from the group consisting of hydrogen, 
and OR 1 ; 

R l is hydrogen or a straight or branched chain glyco- 
sidic residue containing 1-20 glycosidic units per 
residue, or R 1 is an orthoester glycoside moiety of 
the Formula (HI): 



x 




(III) 



•OR 3 



wherein the bond between carbons C-22 and C-23 is 

single or double bond; 
Y> is hydrogen, F, CH3, CH 2 CH 3 or X'; 
U is hydrogen, —OH or -0-(C 2 -C 4 alkyl) — OH; 65 
Z> is F, H or X 1 ; 
Q"is CF 3 or CH 2 X<; 
Q* is CF 3 or CH 3 ; 



wherein A represents a glucofuranosyl or 
glucopyranosyl ring; 

R 2 is hydrogen, lower alkyl, aralkyl, or aryl, with the 
proviso that aryl is phenyl or phenyl substituted by 
chloro, fluoro, bromo, iodo, lower Ct-C 4 alkyl, 
C1-C4 alkoxy; or naphthyl; and 

R* is hydrogen or a straight or branched chain glyco- 
sidic residue containing 1-20 glycosidic units per 
residue; 
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W is CH— CH 3 or O; and 
V is CH 2 or O; 

with the proviso that both W and V are not both O; 

and 5 
" = = = " is either a single bond between Q° and Q* or 

a hydrogen atom on Q° and Q 6 , with the proviso 

that wherein "= = »" is a single bond, then X 1 is 

H. 

The invention also relates to a method of treating 1° 
gastric, duodenal, esophageal, decubitus, diabetic foot 
and genitourinary ulcers in a patient which comprises 
administering to said patient a pharmaceutical composi- 
tion comprising an effective amount of a vitamin D 15 
compound and a pharmaceutically acceptable carrier, 
wherein said vitamin D compound has the Formula (I): 




(I) 



25 



30 



35 



U 



wherein the bond between carbons C-22 and C-23 is 
single or double bond; 40 
Y 1 is hydrogen, F, CH3, CH 2 CH 3 or X 1 ; 
U is hydrogen, —OH or — O— (C 2 -Q alkyl)— OH; 
Z 1 is F, H or X 1 ; 
Q*is CF 3 or CH2X 1 ; 

Q*isCF 3 or CH 3 ; 45 

R is a double bond or an epoxy group; 

wherein X 1 is selected from the group consisting of 

hydrogen and — OH; 
W is CH— CH 3 or O; and 50 
VisCH 2 orO; 

with the proviso that both W and V are not both O; 
and 

**= = =" is either a single bond between Q°and Q*or ^ 
a hydrogen atom on 0* and Q*, with the proviso 
that wherein **= = =" is a single bond, then X 1 is 
H. 

The invention also relates to a method for treating 
gastric, duodenal, esophageal, decubitus, diabetic foot, 60 
genitourinary ulcers and ulcerative keratitis in a patient 
which comprises topically or ophthalmically adminis- 
tering to said patient a pharmaceutical composition 
comprising an effective amount of a vitamin D com- 65 
pound and a pharmaceutically acceptable carrier, 
wherein said vitamin D compound has the Formula (II): 




u 



wherein the bond between C-22 and C-23 is a single 

or double bond; 
Y 2 is hydrogen, fluorine, methyl, ethyl or OR 1 ; 
U is hydrogen, —OH or — O — (C2-C4 alkyl) — OH; 
Z 2 is F, H or X 2 ; 
Q* is CF 3 or CH 2 X 2 ; 
Q b is CF 3 or CH 3 ; 

R is a double bond or an epoxy group; 
X 2 is selected from the group consisting of hydrogen, 
and OR 1 ; 

R 1 is hydrogen or a straight or branched chain glyco- 
side residue containing 1-20 glycosidic units per 
residue, or R 1 is an orthoester glycoside moiety of 
the Formula (III): 

x r A ^o R 3 

wherein A represents a glucofuranosyl or 
glucopyranosyl ring; 

R 2 is hydrogen, lower alkyl, aralkyl, or aryl, with the 
proviso that aryl is phenyl or phenyl substituted by 
chloro, fluoro, bromo, iodo, lower C1-C4 alkyl, 
C1-C4 alkoxy; or naphthyl; and 

R 1 is hydrogen or a straight or branched chain glyco- 
sidic residue containing 1-20 glycosidic units per 
residue; 

W is CH— CH 3 or O; and 

V is CH2 or O; with the proviso that both W and V 
are not both O; and 

= = M is either a single bond between Q^and Q*or 
a hydrogen atom on and Q* ( with the proviso 
that wherein = is a single bond, then X 1 is 
H. 

DESCRIPTION OF THE FIGURES 

FIG. 1 depicts a graph showing the effect of vehicle 
and 5 fig, 10 ug, 27 fig and 54 jig of 1,25-dihydrox- 
y vitamin D 3 per gram of oil on the percentage of wound 
healing on days 1, 2, 3, 4, 5 and 6 in rats with experimen- 
tal wounds. 

FIG. 2 depicts a graph showing the eflect of vehicle 
and 27 u.g 1,25-dihydroxy vitamin D 3 /gram oil on the 
percentage of wound healing on days 1, 2, 3, 4, 5 and 9 
in rats with experimental wounds. 
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DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 



The present invention provides for a method of heal- 
ing wounds and inhibiting scar formation. Wounds to 5 
the external epithelium include cuts, punctures and 
lacerations, including corneal lacerations. Wounds of 
the internal epithelium include peptic ulcers, esophageal 
mucosa injury, oral mucosa injuries and periodontal 
disease. The invention also provides for the treatment of 10 
ulcers such as diabetic ulcers of the feet, decubitus ul- 
cers (bed sores), genitourinary ulcers, peptic ulcers and 
ulcerative keratitis. Ulcerative keratitis is caused, for 
example, by extended wear of contact lenses. 

As used herein, the term "septic ulcer" includes both 15 
duodenal and gastric ulcers. Peptic ulcers are a group of 
ulcerative disorders of the upper gastrointestinal tract; 
the primary forms of peptic ulcer are duodenal and 
gastric ulcer. Normally gastric mucosa has the ability to 
resist the corrosive effects of acid-pepsin. This is a trait 
which is unique to the gastric mucosa; areas such as the 
esophagus do not have this ability. Injury to the esopha- 
geal mucosa occurs from exposure to refluxed gastric 
juice and ulceration which occurs in the small intestine 
at the site of surgical attachment to actively secreting 
gastric mucosa. 

Genito-urinary ulcers treatable with the vitamin D 
compounds of the invention include those caused by, 
for example, herpes simplex virus as well as other viral, 
fungal and bacterial infections. See Harrison's Principles 
of Internal Medicine, E. Braunwald et al. (eds.); 
McGraw-Hill Book Co., New York, N.Y., 1987, pp. 
514-516. 

The vitamin D compounds of the invention may also 35 
be administered for the treatment of periodontal disease. 
This disease begins as a marginal inflammation of the 
gingivae (gingivitis) which slowly spreads to involve 
the underlying alveolar bone and periodontal ligament. 
See Harrison's Principals of Internal Medicine, supra, pp. 40 
164. The vitamin D compounds may be applied topi- 
cally, for example, as part of a tooth paste formulation, 
or may be administered orally or part of a thin film 
implant between the teeth and gums to give sustained 
release of the vitamin D compound. Preferably, the film 45 
comprises a cellulose polymer. See U.S. Pat. No. 
4,315,779 to Heyd. 

Among the preferred compounds usable in the pres- 
ent invention are those of the formula (I): 
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wherein the bond between carbons C-22 and C-23 is 

single or double; 
Y 1 is hydrogen, F, CH 3 , CH2CH3 or X» ; 
U is hydrogen, —OH or — O — (C2-C4 alkyl) — OH; 
Z 1 is F. H or X»; 
Q*is CF3 or CH 2 X»; 
Q*is CF 3 or CH 3 ; 

R is a double bond or an epoxy group; 

X 1 and X 2 are selected from the group consisting of 

hydrogen and OH; 
W is CH— CH3 or O; and 
V is CH 2 or O; 

with the proviso that both W and V are not both O; 
and 

" = = =" is either a single bond between Q*and Q*or 
a hydrogen atom on Q° and Q 6 , with the proviso 
that wherein **= = =" is a single bond, then X 1 is 
H. 

When the compounds of Formula (I) have a double 
bond at position C-22, they are derivatives of vitamin 
D2, whereas if the bond at that position is single, and 
there is a lack Of C24 alkyl, they are derivatives of vita- 
min D3. The latter are preferred. 

Preferred are those compounds derived from vita- 
mins D3 or D2; 1 -hydroxy vitamins D3 or D 2 ; 1,24-dihy- 
droxy vitamins D 2 and D3; 1,25-dihydroxyvitamins D3 
and D 2; 24,25-dihydroxyvitamins D3 or D2; 25,26- 
hydroxy vitamins D3 or D2; 1,24,25-trihydroxy vitamins 
D3 or D2- Most preferred among these are vitamins D 3 
or D2; 1 -hydroxy vitamins D 3 orD2; and 1,25-dihydrox- 
yvitamins D3 or D2,5,6-epoxy derivatives of vitamin D 
and its metabolites, 2-/3-(3-hydroxypropoxy)-l alpha,25- 
dihydroxy vitamin D 3 , as well as the side chain fi uoro 
derivatives of 1, 2 5-(OH>2 vitamin D and l-(OH) vitamin 
D. Also preferred are 20- and 22-oxa vitamin D deriva- 
tives including 20-oxa-la(OH)D, 20-oxa-la,2- 
5(OH) 2 D 3 , 22-oxa- la(OH)D 3 and 22-oxa- la,25(OH)D 3 
as well as pseudo-l-alpha-hydroxy vitamin D deriva- 
tives such as dihydrotachysterol and 5,6-trans vitamin 
D3 and their 25-hydroxy derivatives. 

Among other preferred compounds are water soluble 
derivatives of the aforementioned compounds of For- 
mula (I) obtained by solubiliring such compounds by 
attaching thereto glycosidic residues such as those dis- 
closed in Holick, U.S. Pat. No. 4,410,515. Alternative 
methods of solubilization are by conjugating com- 
pounds of Formula (I) to glycosyl orthoester residues, 
as disclosed in copending U.S. Ser. No. 607,117 by 
Holick et al., filed May 3, 1984. The disclosures of the 
aforementioned patent and application are herein incor- 
porated by reference and made a part hereof. 

Also useful in the practice of the invention are com- 
pounds of the Formula (II): 
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4,719,205 to DeLuca et al. discloses methods for the 
(ID preparation of 22,23-cis-unsaturated, 1 -hydroxy vitamin 
D compounds. U.S. Pat. No. 4,634,692 to Partridge et 
al . discloses methods for the preparation of 1,25-dihy- 
5 droxy-24 (R or S)-fluorovitamin D. Japanese Patent 
Application, publication No. J55 111-460, discloses 
methods for the preparation of 24,24-difluoro-25- 
hydroxyvitamin D3. 
10 The compounds of the invention can be administered 
in any appropriate phannaceutically acceptable carrier 
for oral, parenteral, or topical administration. They can 
be administered by any means that enhances wound 
l5 healing, ulcer healing, amelioration of periodontal dis- 
ease, and inhibition of scar formation in animals, espe- 
j^iq^^^/^x 1 cially humans. The dosage administered will be depen- 

dent upon the age, health and weight of the recipient, 
kind of concurrent treatment, if any, frequency of treat- 
wherein Y 2 is hydrogen, fluorine, methyl, ethyl or 20 me nt and the nature of the effect desired. For example, 
OR 1 ; systemic daily dosage of 1 ,25-dihydroxyvitamin D3 will 

Z 2 is F, H or X 2 ; be f rom a00u t 0.001 microgramsAg to 100 micro- 

U is hydrogen, —OH or — O— (C2-C4 alkyl)— OH; Rrams Ag preferably 0.01 to 1.0 micrograms per kg of 
and Q* have the same meanings as in Formula (I); Normally, from 0.1 to 100 microgramsAg 

JVJSS of hydrogen " per day i 1, 25-dihydroxy vitamin D 3 in one or more 

and OR 1 ; dosages per day is effective to obtain the desired results. 

ri is hydrogen or a straight or branched chain glyco- Dosage forms for topical administration include about 3 
sidic residue containing 1-20 glycosidic units per to 100 micrograms of 1,25-dihydroxyvitamin D3 per 
residue, or R 1 is an orthoester glycoside moiety of 30 grarn 0 f carrier. Preferably, the dosage form contains 
the Formula (III): about 5 ^ g t0 3 mg 0 f 1,25-dihydroxyvitamin D3 per 

gram of carrier. More preferably, the dosage form con- 
tains about 10 to 30 micrograms of 1,25-dihydrox- 
_ OR 3 35 y vitamin D3 per gram of carrier. A most preferred dos- 

age form contains about 15 ug of 1,25-dihydroxyvitamin 
D3 per gram of carrier. One of ordinary skill in the an 
„i„w..—«,««i ~r can determine the optimal dosages and concentrations 
W ^ P yrto7^r glUCOfUran ° Syl ° f of other active vitJnD compounds with only routine 
R 2 is hydrogen, lower alkyl (C1-C4), aralkyl 40 experimentation. 
(C7-C10), or aryl, with the proviso that aryl is The compounds can be employed in dosage forms 
phenyl or phenyl substituted by chloro, fluoro, such as tablets, capsules, powder packets, or liquid solu- 
bromo, iodo, lower C1-C4 alkyl, C1-C4 alkoxy; or ii on $ t suspensions or elixirs for oral administration, ster- 
naphthyl; ile liquid for formulations such as solutions or suspen- 

R3 is hydrogen or a straight or branched chain glyco- siQns for mera , use Ahern atively, the compounds 

SduT dUe COmaimng g y C ^ can be present in a pharmacologically inert topical car- 

W is CH— CH3 or O- and rier sucn ^ one comprising a gel, an ointment or a 

V is CH 2 or O; with the proviso that both W and V cream, including such carriers as water, glycerol, alco- 

are not both O; and 50 hoi, propylene glycol, fatty alcohols, triglycerides, fatty 

" = = = " is either a single bond between Q° and Q*or acid esters or mineral oils. Other possible carriers are 

a hydrogen atom on Q 1 and Q*, with the proviso Uqmd petroleum, isopropylpalmitate, polyethylene gly- 

that wherein "= » » M is a single bond, then X 2 is ^ ethan0 } 959^ polyoxyethylene monolaurate 5% in 

H; , . . - . „ , . „ water, sodium lauryl sulfate 5% in water, and the like, 

with the further provtso that at ^ °ne of the R is 55 anti-oxidants, humectants, viscosity 

either a glycosidic residue or an orthoester glycoside ^ ^ ^ ^ ^ ^ if nccessary . ^ 

* tU vitamin D compounds are prepared or obtained compounds may also be present as part of a cosmetic 
according to the disclosures of the aforementioned ref- formulation which may be formulated according to 
erences. In particular, the 5,6-epoxy derivatives of vita- 60 methods known to those of skill in the an. The com- 
min D3 are obtained as described in Jpru Kokai Tokkyo pounds can also be administered by means of pumps, 
Koho JP 58,216,178 [83,216,178], Dec. 15, 1983. The tapes or patches. 

fluoro derivatives are made or obtained ^ described in H . nQw rally descri bed this invention, the 
Shiina et al., Arch. Biochem. Btophys 220:90 . (1983). « bc understood by rcfcrcnce t0 the following 

Methods for preparing the 20- and 22-oxa vitamin D 65 ' nnnv1CK nf 

derivatives are disclosed by Abe, J., et al., Vitamin D samples w *»ch are provided herem for purposes of 
Molecular. Cellular and Clinical Endocrinology 310-319, illustration only and are not intended to be limiting 
Walter de Gruyter & Co., Berlin (1988). U.S. Pat. No. unless otherwise specified. 
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EXAMPLES 

Example 1 The Effects of l,25(OHhD3 on Wound 
Healing in Rats 

Materials 

25 CD rats 8 weeks old were obtained from Charles 
River Laboratories, Inc., Wilmington, Ma. 

Wounding Procedure 

Rats were anesthetized with ether. Their backs were 
prepared by clipping and shaving. Two cutaneous 
wounds were made on each rat by punching on the 
right and left sides of the back with a sterile biopsy 
punch (diameter 4mm, wound thickness: full thickness 
of skin). 

Control rats received vehicle only on wounds (20 u.1 
vegetable oil/two wounds/day for 4 days). The other 
four groups of rats (5 rats per group) were used to study 
the effect of l,25(OH)2D3 on wound healing at different 20 
doses (5 ^g l,25(OH) 2 D3/g Oil, 10 u-g/g oil, 27 u-g/g 
oil and 54 u.g/g oil 1,25 (OHhE>3). Treatment continued 
for up to 4 days. 
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Measurement Procedure 

Wound area was estimated by planimetry'- For this 
purpose, the wound was covered with a transparent 
plastic film and wound outlines were drawn with a 
marker. Wound shape was then magnified, was cut out, 
and weighed. 

Healing was assessed as the decrease in wound area 
on days 2, 3, 4, 5 and 6. The results are shown in Table 
I below and is depicted in FIG. 1. The data (percent 
healing on day 2, 3, 4, 5 and 6) were analyzed for signifi- 
cance using students T test. 

In order to confirm the effectiveness of 1,25- 
(OH>2D3 in promoting wound healing, a second experi- 
ment was carried out using eight rats (dose of 
l,25(OH)2D3«27 u.g/g oil). The results are depicted in 
FIG. 2. 

Results 

As can be seen clearly in FIGS. 1 and 2, topical ad- 
ministration of l,25(OH)2D3 enhanced substantially the 
healing of puncture wounds in rats. The extent of 45 
wound healing was directly related to the concentration 
of l,25(OH) 2 D3 in oil applied to the wound. These re- 
sults demonstrate conclusively that vitamin D com- 
pounds are useful for enhancing wound healing in indi- 
viduals. 

TABLE 1 

EFFECT OF l,23(OHbP% ON WOUND HEALING OF RATS 

% HEALING' ■ 

GROUP DAY 2 DAY 3 DAY 4 DAY 5 DAY 6 55 



1. CON- 
TROL 

2. 1.25 
(OH) 2 D 3 
(5 M8/g 
oil) 

3. 1.25 
(OH);D 3 
(10 ^ig/g 
oil) 

4. 1,25 
(OH) 2 D 3 
(27 jxg/g 
oil) 

5. 1.25 
(OH) 2 D 3 



-8*5* 14 r 3 19* 4 41 = 6 60 ± 5 

1±5 14 ± 7 23 ± 6 52 * 5 67 ± 5 

2*4 19 *4 32 * 3§ 50*3 64*3 

7*4§ 21 * 3 34 * 5§ 48 = 4 64 *4 

7 * 4§ 21 * 4 37 * 4# 57 * 4§ 72 * 2* 
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TABLE 1 -continued 



EFFECT OF U3(OHhPiON WOUND HEALING OF RATS 



% HEALING 0 



GROUP 

(54 ng/g 
oil) 



DAY 2 DAY 3 DAY 4 DAY 5 DAY 6 



•% HEALING . 



Original Wound Area — Lesion Area ^ 

Original Wound Are* ' 
♦MEANS * SEM. n-IO 

Significance 0/ difference from control tomg Student's t test: • p < .03, § p < 025 
and # p < X05 

What is claimed as new and desired to be covered by 
U.S. Letters Patent is: 

1. A method of treating periodontal disease in an 
animal which comprises administering to said animal a 
pharmaceutical composition comprising a therapeuti- 
cally effective amount of a vitamin D compound and a 
pharmaceutical! y acceptable carrier, wherein said vita- 
min D compound has the formula: 



25 



30 



35 



40 




50 



60 



65 



wherein the bond between carbons C-22 and C-23 is 

single or double bond; 
yi is hydrogen, F, CH3, CH2CH3 or X>; 
U is hydrogen, —OH or — O— (C2-C4 alkyl)— OH; 
Z 1 is F, H or X»; 
Q*isCF3orCH 2 Xi; 
Q* is CF 3 or CH 3 ; 

R is a double bond or an epoxy group; 
wherein X 1 and X 2 are selected form the group con- 
sisting of hydrogen and —OH; 
W is CH— CH3 or O; and 

V is CH2 or O; with the proviso that both W and V 
are not both O; and 

= is either a single bond between Q°and Q*or 
a hydrogen atom on Q 1 and Q*, with the proviso 
that wherein "= = =" is a single bond, then X 2 is 
H. 

2. The method of claim 1, wherein said bond between 
carbons C-22 and C-23 is a single bond and X 1 is hydro- 
gen. 

3. The method of claim 1, wherein said bond between 
C-22 and C-23 is a single bond, X 1 is hydroxy!, and at 
least one of the group consisting of Y 1 , Z 1 , Q° and Q b 
contains a fluorine atom. 

4. The method of claim 1, wherein said bond between 
C-22 and C-23 is a double bond. 

5. The method of claim 1, wherein said bond between 
C-22 and C-23 is a double bond and X 1 is hydrogen. . 



% 
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6. The method of claim 1, wherein said bond between 
C-22 and C-23 is a double bond and X 1 is hydroxyl. 

7. A method of treating periodontal disease in an 
animal which comprises administering to said animal a 
pharmaceutical composition comprising a effective 
amount of a vitamin D compound and a pharmaceuti- 
cally acceptable carrier, wherein said vitamin D com- 
pound has the formula: 




15 
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U 



wherein the bond between carbons C-22 and C-23 is 

single or double bond; 
Y 2 is hydrogen, fluorine, methyl, ethyl or OR 1 ; 
U is hydrogen, —OH or — O— (C2-C4 alkyl)— OH; 
Z 2 is F, H or X 2 ; 
Q*is CF 3 or CH 2 X 2 ; 
Q*is CF 3 or CH 3 ; 

R is a double bond or an epoxy group; 




X 2 is selected form the group consisting of hydrogen 
and —OR 1 ; 

wherein Rl is hydrogen or a straight or branched 
chain glycosidic residue containing 1-20 glycosidic 
units per residue, or R 1 is an orthoester glycoside 
moiety of the formula: 

R 2 o 

wherein A represents a glucofuranosyl or 
glucopyranosyl ring; 

R 2 is hydrogen, lower alkyl, aralkyl, or aryl, with the 
proviso that aryl is phenyl or phenyl substituted by 
chloro, fluoro, bromo, iodo, lower C1-C4 alkyl, 
C1-C4; or naphthyl; and 

R 3 is hydrogen or a straight or branched chain glyco- 
sidic residue containing 1-20 glycosidic units per 
residue, with the proviso that said vitamin D com- 
pound has at least one R 1 which is a glycosidic 
residue or an orthoester glycoside moiety; 

W is CH— CH 3 or O; and 

V is CH2 or O; with the proviso that both W and V 
are not both O; and 

= = " is either a single bond between Q 1 and Q*or 
a hydrogen atom on Q° and Q* with the proviso 
that wherein = is a single bond, then X 2 at 
C-25 is H. 

8. The method of claim 7, wherein said bond between 
C-22 and C-23 is a single bond and at least one of the 
group consisting of Y 1 , Z 1 , C^and Q* contains a fluorine 
atom. 

***** 
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[57] ABSTRACT 

Method of Increasing the strength of contraction in the 
fngmmaHan heart muscle by administering to the mammal 
an effective amount of an activated Vitamin D compound, 
Le. a la-hydroxylated Vitamin D compound which binds 
with the Vitamin D receptor and produces a positive ino- 
tropic effect in the heart muscle. The activated Vitamin D 
compound may be given as a means to prevent myocardial 
failure or to treat myocardial failure. 
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PREVENTION AND TREATMENT OF 
MYOCARDIAL FAILURE 

This application is a continuation of application Sec No. 
OS/3 11,934 filed on Sep. 26, 1994, now abandoned, which is 
a continuation of application Sec No. 08/010,823 filed Jan. 
29, 1993, now U.S. Pat No. 5350,745 

FIELD OF THE INVENTION 

This application claims priority to PCI7US94/01172 filed 
Jan. 31, 1994. 

This invention relates a method of treating myocardial 
failure, more specifically it relates to the use of active forms 
of vitamin D to increase the strength contraction of the heart ^ 
muscle. 

BACKGROUND OF THB INVENTION 

Heart failure Is a common clinical condition and results in 
a significant morbidity and mortality. It is defined as the 20 
pathophysiologic state in which an abnormality of cardiac 
function is responsible for the failure of the heart to pump 
blood at a rate commensurate with the requirements of the 
metabolizing tissues or can do so only from an abnormally 
elevated filling pressure. Heart failure is frequently, but not- 23 
always caused by a defect in myocardial contraction wherein 
the strength of contraction of the heart muscle is diminished. 
In such a case, the term myocardial failure is appropriate. 
Few therapies exist for myocardial failure mat are effective 
and do not present significant undesirable side effects. The 30 
most common treatment of myocardial failure is the admin- 
istration of cardiac glycosides such as digitalis. While digi- 
talis can alleviate the symptoms and improve cardiac hemo- 
dynamics in heart failure, it, as well as the other cardiac 
glycosides, has a low margin of safety. Such potent drugs 
cause cardiac dysrythmias and neurological problems as 
well as nausea, abdominal pain and headache. Further, drug 
interaction problems are reported with the cardiac glyco- 
sides and other common drugs. 

What is needed is a method of increasing the strength of 
the heart contraction without the above described undesir- 
able side effects. 



acyl, O-aromarjc acyl or fiouro, and where R4 is hydrogen or 
lower alkyl along with an acceptable orripirrtt 

In the formulae shown in this specification and in the 
claims a wavy line to substituent X indicates that the 
substitueat can be either a or (3 stcrcoisorneric form Wher- 
ever in this specification and in the claims the word lower" 
is used as a modifier of alkyl or acyl it is intendM to Identify 
a hydrocarbon chain having from aboot'tlo 4 cnbbn atoms 
and can be either a straight chain or branched chain con- 
figuration. 

Specific examples of such hydrocarbon chains are: 
methyl, ethyl, propyl, butyl, isobutyi or t-butyi, andfonnyl, 
acetyl, propionyl,or butyryL The word "aromatic acyi" as 
used herein and in the claims is meant to identify a benzoyl 
group or a substituted benzoyl group such as nitrobenzoyl or 
dinitrobenzoyl. 
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DESCRIPTION OF THE INVENTION 
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The present invention is for a method of treating myo- 
cardial failure using an active form of vitamin D. Vitamin D 
is known to be important in the regulation of calcium 
metabolism in animals and man. See, Harrison's Principals 
cf Internal Medicine: Part Eleven, "Disorders of Bone and # 
Mineral Metabolism", Chapter 335, B. Braunwald, etaL, 
(eds.), McGraw-Hill, New York, 1987, pp. 1860-1865. 

It is known that vitamin D 3 must be hydroxyUted in the 
1 and the 25 position before it is activated Le. before it will 
produce a biological response. A similar metabolism appears 55 
to be required to activate the other forms of vitamin D eg. 
vitamin D 2 and vitamin D 4 . As is generally understood and 
used herein, the term 'Vitamin D" is intended to include 
vitamins D 3 , D 2 , and D 4 . The term activated vitamin D, as 
used herein, is intended to refer to vitamin D which has been $0 
hydroxylated in at least the 1 position of the Aring and binds 
with the vitamin D receptee eg. 1,25-dftydroxyvitainin D 3 . 

The la-hydroxyvitamin D of the present invention has the 
general formula described in formula I wherein A and B are 
either hydrogen or a carbon to carbon bond thus forming a 65 
double bond between C22 and C23, Ra, and R, can be either 
hydrogen, hydroxy, lower alkyl, O-lower alkyl, O-lower 



Among the preferred active vitamin Formnla I D com- 
pounds are: 

la05^ydroxy<holecalctferol [lct^^OH^DJ 
la^iydroxy-cholecaldferolflcKOH DJ 
lcU4^yctay-cholecalcifcrc^lc^ 
la£5^ydroxy-ergocalcif erc4[ lot^^OH^J 
la4iydroxyH=rgocaldfcrol[la-{0H)DJ 
lc04(s) -dmydroxy-ergoauaftioUl 
la£5^ydroxy-vitainin DJla^KOH^J 
la-hydrcay-vilamin DJloKOHJDJ 
la£4^ydroxy-viramin D 4 [ot^4-(OH) 2 D 4 ] 

The above described active forms of vitamin D can be 
prepared as described in U.S. Pat Nos. 3,993,675; 4,022, 
891; 4,195,027; 4,234,495; 4,508,651 and co-pending US. 
applications 07/940,246 and 07/991,493 all incorporated 
herein by reference. 

Functionally, vitamin D is more appropriately considered 
a hormone man a vitamin. When activated, vitamin D 
interacts with a vitamin D receptor protein and mis interac- 
tion ultimately results in some form of biological response. 
For example, loU5-dmytoxyvitamin D 5 is known to be a 
potent stimulator of calcium absorption from the intestine 
which is mediated by the interaction of the lo^25- 
dihydrcocyviUmin D > molecule and the vitamin D receptor 
protein located in the epithelial cells (enterocytes) which 
line the intestine. 

In recent years it has become evident that the vitamin D 
receptor protein is widely distributed in the bodies of 
unnrrmK and n»n Thus, it is not surprising that besides 
cain'mn homeostasis, activated vitamin D has been impli- 
cated in osteogenesis, modulation of immune response, 
modulation of the process of insulin secretion by the pan- 
creatic B cell, muscle cell function and the differentiation 
and growth of epidermal and hemopoietic tissues. 

More recently, la^-dihydroxyvitamin D 5 receptors 
have been shown to exist in the rat he art, (Walters et aL, J. 
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MoL Cell Cardiol 18. -67-72 (1986)) and this has prompted dihydroxyviUmin D 3 cannot safely be administered at a 

ttie apeculation mat vitamin D may play a role in cardiac dosage greater than 1.0 pg per day without causing hyper- 

Auction. Untfl the present invention, the prevailing view, cakemia and hypcrcalciuria in a large portion' of the popu- 

wWch was based on ttodies of cardiac hemodynamics in Ution. In that regard the active forms of vitamin D 3 and 

vitamin D, deficient rata, wis that l(x P 25^dmydroxyvitamin 5 vitamin D 4 are more suitable for while they display a high 

Dj produced a direct negative inotropic effect in the heart, binding activity with respect to the vitamin D receptor they 

presumably by promoting the sequestering of calcium in the have a much lower calcemic effect and are thus much less 

myocardium. (Weishaar and Simpson, Am. J. PhysioL 253 toxic. See for example co-pending US* application Sec No. 

(Endocrinol. Metab. 16): E675-^6S3 (1987). 07/940,246 which is incorporated herein by reference, Pre- 

Cootnry to me hypothesis of Weisharr and Simpson, (he to f erred in this regard are la-hydroxy-ergocalctfercI[lov{OH) 

pretest inventors have found that active forms of vitamin D t DJ, 1 oc,24(s>Q^draxy-ergpcalciferoU la^sHOH)^ J , 

^tiding la^25-dihydraxyvitaroin produce a direct positive la-hydroxy -vitamin D 4 [la-(OH)D 4 ] and la,24 

Isotropic effect in the mammalian myocardium Le. increases -d&ydroxy-vitaimn D 4 [lct r 24-<OH) 2 D 4 ]. 

*e strength of the contraction of the heart muscle, ^ Advantageously, the vitamin D 2 andD 4 eouipounds of the 

Bxarnple 1: Positive inotropic effect P^ent invention or combinations thereof with other thera- 

pcutk agents can be administered in dosage amounts of 
Rat right ventricular papillary muscles were mounted in from 0.1 to 10.0 micrograms per day. These compounds can 
an experimental chamber and stimnlatrd at 0.3-0.7 Hz with be administered as sterile parenteral solutions by injection or 
a single pulse, broad field stimulation via platinum plate ^ intravenously or by alimentary canal in the form of oral 
electrodes. The preparation was continuously perfused at dosages, or by suppository. In relation to treatment of early 
22°-24° with oxygenated modified lyrode's solution, pH 7, stage myocardial failure doses from about 1 J to about 6.0 
*"<«g 2 mM Ca 3 *. Twitch tension of the preparation micrograms per day are generally effective. For more 
was measures by suturing one end of the preparation to a advanced stages of myocardial failure, it may be advisable 
face tracxfcirtT and the other end to a three way positioner. ^ to administer the compounds of the present invention in 
Muscks attaining a stable baseline twitch tension were then conjunction with more traditional therapies such as the 
perfused with 0.1 to 6J25 uM of 1 a£5 -alhy droxyvitarnin cardiac glycosides. Surprisingly it is found that the com- 
Dy. Ia nine experiments lc^25-dftydroxyvitamin D 3 pounds of the present invention produce a synergistic 
increased steady-state twitch tension an average 14±11% response when administered in conjunction with another 
(range of 4-41%). The effects of lcx^-dihydroxyvhamin ^ positive inotropic cornpound such as the glycosides. This 
D, were reversed by drug washout. These results indicate synergistic effect allows the physician to administer a Iowa 
mat lo^5-dihydroxyvitamin D 3 has a positive inotropic dosage of the glycosides and helps to avoid many of the 
effect oa the mammalian myocardium. undesirable side effects of the glycosides. If the compounds 

of the present invention are administered in combination 
Example 2: prevention of Congestive Heart Failure ^ with omer therapeutic agents, the proportions of each of the 

. . . c . . . _ compounds in the combination being administered will be 

Aooral dosage formulation containing la,25- on the particular agcll ts beL used and the degree 

^droxyv^D 3 is eva^uiadouWeblmd^dyfor S^fia^ O^me 

^^^Ji?!^***" °i hcart ^ spcSc Ige^S 1^ given case will be 

caused by myocardial failure. The formulation evaluated \T~\ T^^^/T, *.J* . . . m 

cc*tniiu0^c€la^^ 40 justed m accordance with Ac spe^compcuods bang 

fcamilation is tot^ccrt that it does no\ contain the admm f t f cd - * c ° f m < ; .myocardial failure to be 
S^^xyvl^ Derive hundred nccmal subjects tre^ 4e cond^ion ^^^^^^^ 
toweenSTageaof 55 and 65 are selected. The subjects are medical facto that may modify the ^™ty <rf the *ug ortfac 
divided into i experimental and control population. They ofthc sub J**> « » wcD b * ±osc 111 

arc instructed to take the medication twice a day, in the 45 tte m * 

Bxrning and in me evening. While the present invention has now been described and 

Evaluations of cardiovascular hemodynamics, are con- exemplified with some specificity, those skilled in the art 
ducted at six month intervals by a physician. The final will appreciate the various modifications, including 
evahiatioo is carried out at the end of three years of variations, additions, and omissions, that may be made in 
preventive therapy. The results of the study show mat dairy 50 what has been described. Accordingly, it is intended that 
oral administration of 1,25-dftydroxyvitarmn D, sagnifi- these modifications also be encompassed by the present 
cmntly reduces the occurrence of myocardial failure in the invention and that the scope of the present invention be 
ffl p***mi>irt»i group as compared with the control. limited solely by the broadest interpretation that lawfully 

As the above example illustrates, preventive benefit in can icc0ldcd me a PP cnded claims - 
reducing the occurrence of myocardial failure is derived 55 What is claimed is: 

from daily sdministration of a relatively low dosage of 1. A method for preventing myocardial failure in a mam- 
la^- dihydrcayvitamin D 3 . For treatment purposes, mal in need thereof comprising administering to said mam- 
however, a higher dosage would be desired. However, the mal an effective amount of a compound of the general 
vitamin D, compounds, particularly, la, 25- structure af Formula I 
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wherein A and B are other hydrogen or a carbon to carbon 
bond thus forming a doable bond between C22 and C23, 
and R3 can be either hydrogen, hydroxy, lower aDcy£ 
(Mower alkyl, O-lower acyl, O-aromatic tcyi orflouro, and 30 
where R* is hydrogen or lower alkyl along with an accept* 
abkexcirient 

2. A method for preventing myocardial failure as 
described in claim 1 wherein the compound of Formula I is 
selected from the group consisting of la, 25- 25 
dftydroxycholecalciferol, la-hydroxy-cholecaldferol, 
ia,24-dihydroxy-cholecalciferol, la»25-dihydroxy- 
ergocalciferol, la-hydroxy-ergocalciferol, lot,24(s)~ 
d&ydroxy-ergocalciferol, la^5-d&ytoxy-vitainin D 4 , 
la^iydroxy-vitamin D 4 , la^4^ydroxy-vitamin D 4 . 30 

3. A method for reducing the occurrence of myocardial 
failure in a mammal in need thereof ™mprf«lng adminis- 
tering to the mammal an effective amount of a compound of 
general Formula I 
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FaniBSa I 



wherein Aand B are either hydrogen or a carbon-to-carbon 
bond, thus forming a doable bond between C-22 and C-23 , 
Rz and R3 are either hydrogen, hydroxy, lower alkryl, 
(Slower alkyl, O-lower acyl, O-aromatic acyl or fluoro, and 
is hydrogen or lower alkyl along with an acceptable 
excipienL 

4. The method of claim 3 wherein said amount is (X25 ug 
administered twice daily. 

5. The method of claim 3, wherein A and B are hydrogen 
and R4 is memyi or A and B form a doable bond and R* is 
methyL 

6. The method of claim 5 wherein said amount Is from a 1 
ug to ia0 ug per day. 

7. Hie method of claim 3 wherein said compound is 
administered in combination with a cardiac glycoside, 

***** 
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NOVEL la -HYDROXY VITAMIN D 4 AND NOVEL INTERMEDIATES AND 
ANALOGUES 



DECLARATION UNDER 37 CFR 1.132 

Hon. Commissioner of Patents 
and Trademarks 
Washington, D.C. 20231 

Sir: 

I, Joyce C. Knutson, hereby declare and state the following: 

1 . I am Director of Preclinical Research at Lunar Corporation, the assignee of the above-identified 
patent application. 

2. I received a Bachelor of Arts in Chemistry from Carleton College in 1968 and the degree of Doctor 
of Philosophy in Biochemistry from the University of Wisconsin - Madison. Since 1968 to the present I 




have worked extensively and conducted research on Vitamin D compounds, their chemistry and 
metabolism. I consider myself an expert in the biochemistry and metabolism of vitamin D. Attached 
hereto as {Exhibit Jyand incorporated by reference is a copy of my curriculum vitae. 



3. I am one of the joint inventors of claims 3 and 5 of the present patent application. 

4. I have reviewed the Official Action dated 24 September 1993*. I am offering this declaration to 
correct alleged insufficiencies which the Examiner identified in my prior declarations. 

5. Under my direction, LUNAR Corporation ("LUNAR") has completed a comparison of the 
biological activity of la -hydroxy Vitamin D 4 , la -hydroxy Vitamin D 3 (the compound of the cited 
references which the examiner has opined is the closest related compound to la -hydroxy Vitamin D 4 ), 
and 1,25 dihydroxy Vitamin D 3 (the compound considered the prototype against which other vitamin D 
compounds are measured). The method employed in the comparative study is as follows: 

a. The study was conducted using vitamin D deficient weanling rats. Initially, two large groups (201 
on one occasion and 212 on another) were fed a vitamin D deficient diet (0.47% calcium, 0.3% 
phosphorus) for three weeks. Animals then were randomly selected from these vitamin deficient animals 
and randomly placed into groups of 8 to 12 rats each for conducting the studies. One control group of 
animals from each vitamin deficient group was selected, i.e., there were two control groups. 

b. The experimental groups were administered doses of test compound at 0.042, 0.250 and 1.500 
mcg/kg/day, with the control group rats receiving a comparable quantity of the vehicle, Fractionated 
Coconut Oil. All doses were administered by gavagc once daily for fourteen days. 

c. Animals were observed for clinical signs and mortality once daily. Body weights and food 
consumption were recorded weekly. Body weights of the rats varied at the initiation of the study and 
ranged from 123 to 217 grams. Statistically significant increases in mean body weight were observed on 
Days 7 and 14 in all three dose levels of all three test groups when compared with control. Mean food 
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consumption in all three dose levels of all three test articles revealed a statistically significant increase when 
compared with control Two rats died in one of the control groups. The mortality that occurred was not 
dose related, there was no obvious cause of the deaths on autopsy and the belief is that the deaths are 
related to the high incidence of mortality observed in this animal model prior to test administration. No 
mortality was observed in any of the animal groups receiving test compounds. At termination of the study 
all surviving animals were fasted overnight and blood was withdrawn. Serum calcium determinations were 
completed. The raw data for the calcium determination for each animal in each group are assembled in 



/Exhibit B| incorporated herein by reference. 

6. Table 1 shows the results of the above-described study. These results indicate that 1 a -hydroxy 
Vitamin D 4 is essentially equivalent to 1 a -hydroxy Vitamin D 3 and 1,25 dihydroxy Vitamin D 3 in its ability 
to stimulate an increase in serum calcium. This experimental comparison confirms the comparison with 
the literature reported in my declaration dated November 17, 1992 which had previously been filed in the 
parent case to the present, above-referenced application. 

Table 1 



la -(OH) Vitamin D, 


1 a -(OH) Vitamin D, 


1,25 (OH), Vitamin D, 


Dosage 
(mcg/kg/day 

) 


Serum Calcium 
Concentration 
(mg/lOOml) 
± Standard 
Deviation 


Dosage 
(mcg/kg/day) 


Serum Calcium 
Concentration 
(mg/lOOml) 
± Standard 
Deviation 


Dosage 
(mcg/kg/day) 


Serum 
Calcium 
Concentration 
(mg/lOOml) 
± Standard 
Deviation 


0.042 


7.2± 1.19 


0.042 


9.0 ±1.31 


0.042 


8.0 ±1.51 


0.250 


12.1 ± 1.04 


0.250 


12.0 ±0.90 


0.250 


8.5 ±1.21 


1.500 


12.1 ±0.69 


1.500 


12.9 ±0.97 


1.500 


12.0 ±0.60 
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7. Under my direction, LUNAR determined the median lethal dose (LD^) of 1 a -hydroxy Vitamin 
D 4 and compared that to the LD50 for 1 a -hydroxy Vitamin D 2 . The determinations were done in young 
adult (8 to 10 weeks) male and female rats. The male rats ranged in weight from 215 to 296 grams. The 
female rats were 160 to 180 grams in weight. The test compound was administered as a single oral dose 
at dosage levels of 0.32, 0.63, 1.25 and 2.5 mg/kg to male rats, and 1\25, 2.5 and 5.0 mg/kg to female 
rates. The test compound was prepared in Fractionated Coconut Oil and administered at a dose volume 
of 2.0 ml/kg. Five male and/ or five females comprised each dosage level. The duration of the study was 
1 5 days. 

8. The LDjo value for 1 a -hydroxy Vitamin D 4 (with 95% confidence limits) for combined male and 
female rats was calculated to be 1 . 67 ( 1 . 1 6 - 2.42) and the LD 50 value for 1 a -hydroxy Vitamin D 2 (with 
95% confidence limits) for combined male and female rats was calculated to be 1.8 (1.4 - 2.3) mg/kg. The 



data for these results are provided in jExhibit C which is incorporated herein by reference. These results 
indicate that the toxicity of 1 a -hydroxy Vitamin D 4 is equivalent to that of 1 a -hydroxy Vitamin D 2 which 
has been shown by Sjoden et al., Proc. Soc. 178, 432-436 (1985) to be 5 to 15 times less toxic than la- 
hydroxy Vitamin D 3 . 

9. Under my direction, LUNAR examined the binding of 1,24-dihydroxy vitamin D 4 to the vitamin 
D receptor. We found in these experiments that 1,24-dihydroxy vitamin D 4 bound 1-2 times less tightly 
to the vitamin D receptor than does 1,25-dihydroxy vitamin D 3 . This indicates that 1,24-dihydroxy vitamin 
D 4 has high affinity for the vitamin D receptor. These data are consistent with gene expression studies 
done by LUNAR with 1,24-dihydroxy vitamin D 4 which demonstrated that 1,24-dihydroxy vitamin D 4 was 
1-2 fold less active than was 1,25-dihydroxy vitamin D 3 . These data indicate that 1,24-dihydroxy vitamin 
D 4 has significant biological activity. A description of these experiments and the data are provided in 
it"lj! 



Exhibit Cf, hereto, incorporated herein by reference. 
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10. Under my direction, LUNAR examined the binding of 1,24-dihydroxy vitamin D 4 to the serum 
vitamin D binding protein. The experiments demonstrated that 1,24-dihydroxy vitamin D 4 bound the 
serum vitamin D protein ten-fold less tightly than did 1,25-dihydroxy vitamin D 3 . This suggests that 1,24- 
dihydroxy vitamin D 4 is less toxic than is 1,25-dihydroxy vitamin D 3 . The combination of high biological 
activity and low toxicity indicates that 1,24-dihydroxy vitamin D 4 would be a useful therapeutic drug and 
is not predicted or suggested at all in the prior literature. A description of these experiments and the data* 
are provided in/Exhibit D) hereto, incorporated herein by reference. 




I further declare that all statements made herein of my own knowledge are true and that all statements 
made on information and belief are believed to be true; and further that these statements were made with 
the knowledge that willful false statements and the like so made are punishable by fine or imprisonment, 
or both, under Section 1001, of Title 18 of the United States Code and that such willful false statements 
may jeopardize the validity of the application or any patent issued thereon. 




Date: L«.X-**fi9f 
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